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SECTION 1 - PROJECT DESCRIPTION
1.01 Introduction
= O'Brien & Gere Engineers, Inc., is currently responsible for a
Remedial Investigation/Feasibility Study (RI/FS) at the Crab Orchard
| National Wildlife Refuge in Marion Township, Williamson County, south-
e ern lllinois. This study encompasses thirty-three (33) specific sites,
including two control sites, located on the Refuge. As required by the
= Environmental Protection Agency (EPA), a Quality Assurance Project
Plan (QAPP) has been prepared for this RI/FS and is presented herein.
This QAPP presents, in specific terms, the policies, organization,
— objectives, activities and specific Quality Assurance (QA), and Quality
Control (QC) activities designed to achieve the data quality goals of
- this project. Where possible, .existing QA/QC guidelines, policies
- programs, etc., are incorporated into the QAPP by reference.
The purposes of this remedial investigation are: 1) to determine
- the nature and extent of any contaminant problem at several sites
(Table 1) located around the eastern section of the Crab Orchard Lake,
- (Figure 1) on the Crab Orchard National Wildlife Refuge and tributaries
» that drain into Crab Orchard Lake and 2) to gather all data necessary
to support the Feasibility Study. This will involve the fol'lowing
" activities:
° Determine current groundwater gradients.
" ° Determine the extent of groundwater contamination that has

occurred and the rate and direction of contaminant migration.
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TABLE 1

CRAB ORCHARD REFUGE

SAMPLING SITES

Type

Landfill
Landfill*
Pond

Surface Water
Surface Soil

Surface Water
Surface Water
Surface Water
Surface Water
Surface Soil

Surface Water

Landfill*
Surface Soil
Surface Water

Pond
Surface Soil

Landfill

Surface Soil
Surface Soil
Control*

Landfill

Surface Water
Surface Water
Surface Water
Surface Water
Surface Water

Name

Area 11 South Landfill
Area 11 North Landfill
Area 11 Acid Pond

D Area SE Drainage

D Area North Lawn

D Area SW Drainage

P Area NW Drainage
Waterworks North Drainage
P Area SE Drainage

P Area North

D Area South

Area 14 Landfill
Area 14 Change House Site
Area 14 Solvent Storage

Area 7 Plating Pond
Area 7 Industrial Site

Job Corps Landfill

Area 13 Loading Platform
Area 13 Bunker 1-3
Munition Control Site

Southeast Corner Field

Old Refuge Shop
Pepsi-West

COC at Marion Landfill
COC below Marion STP
COC below 157 Dredge Area



TABLE 1
e (Continued)

CRAB ORCHARD REFUGE

SAMPLING SITES

Site
# TXEe Name

Groug 9
- 28 Landfill Water Tower Landfill

Groug 10
- 29 Landfill Fire Station Landfill

GrouE 1
32 Landfill Area 9 Landfill

33 Surface Soil Area 9 Building Complex

Group 12
- 30 Lake Crab Orchard Lake

Group 13

et 31 Control* Refuge Control Site
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Assess levels of contaminated soil that may be present adja-

cent to disposal areas.

ldentify the areal extent of disposal areas.

Identify specific contaminants which may pose acute or chron-

ic hazards to public health, welfare or the environment.

Identify pathways of contaminant migration from the sites.

Define on-site physical features and facilities that could affect

contaminant migration, containment, or cleanup.

O'Brien & Gere will furnish all personnel, materials and services

necessary for or incidental to performing the remedial investigation on

the Crab Orchard National Wildlife Refuge.

The remedial investigation consists of eight tasks:

Task
Task
Task
Task
Task
Task
Task

Task

1

2

Description of Current Situation
Investigation Support

Site Investigation

Preliminary Remedial Technologies
Site Investigations Analyses

Final Report

Community Relations

Additional Requirements

1.02 Site Location and History

Crab Orchard National Wildlife Refuge (CONWR or the Refuge) is

located in southern lllinois primarily within Williamson County, but also

extends into neighboring Jackson, Union and Johnson Counties. There

are twelve lakes located within the Refuge including Crab Orchard
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Lake. Crab Orchard lake was completed in 1940 and has a surface area
- of 6,965 acres, a maximum depth of 30 feet and 635 acre-feet of storage
capacity. The watershed drainage area is 109,261 acres. In addition
- to supporting an active sport fishing population, the lake serves as
- water supply (apprbx. 280,000 gallons per day) for the Refuge and
Federal Penitentiary located southeast of the Refuge. The City of
- Marion has a supplemental water intake in the Lake which has rarely
been used.
The Refuge is administered by the U.S. Fish and Wildlife Service
(FWS) of the Department of the Interior (DOIl). During the early 1940s
and continuing to the present, a number of industries have been active
o on the Refuge. Industrial activity was especially heavy during World
War Il when as many as 10,000 persons were employed by a number of
- defense-related industries. The section of the Refuge containing the
" industrial facilities lies within the eastern drainage area for the Crab
Orchard Lake. The western portion of the lake has been used
s primarily for recreational purposes.
These industrial facilities were involved in a variety of
- manufacturing processes such as:
y - Manufacture of land mines and bombs
- A munitions plant
- - Manufacture of printing inks
- Production of radio speakers
- - Metal plating, painting, metal work electrical work
To support these facilities, industrial dumps were developed within
the Refuge. During the early 1940s, too, the Crab Orchard site was

e repeatedly sprayed with lead arsenate to control insects.



Section No: 1
Revision No: 1
Date: May 27, 1986
Page 4 of 33

el

From the [ate 1970s through the present, sampling has been con-

o ducted to permit analysis of contamination. Until 1981, the main param-

eters of interest were lead, mercury, and other heavy metals, notably

cadmium. After 1981, analyses were conducted also for PCBs, dioxins,
and benzo furans,

Phase | of the Remedial Investigation encompassed thirty-three

— (33) sites, including two control sites. The histories of each site are

as follows:

Site 3: Area 11 South Landfill

Areas 11 and 12 are currently abandoned sites of explosives and
- nitrogen fertilizer manufacturing as well as munitions loading. The Olin
Corporation is reported to have operated a dynamite line there which
- was later reportedly sold to U.S. Powder. A number of fires and
" explosions are known to have occurred in these areas. Use of lead
azide in the area is suspected. RDX may have been used in this area.
s+ Many of the buildings and grounds have been "torched" to remove
residuals of flammable material. /Most of the buildings are covered with
2 a spark-retarding aélbéstS’“si(fi'hg material. Also, within Area 11 are
Jote ’f‘i.j.;,;‘_'.-"‘{storage areas where explosive powders were stored in rubber-lined
’#7 : underground trenches. A burning pad is evident to the south of Area
- 11 where oil residues, 50-calibre powder magazines and small powder
cylinders are noticeable on the surface. The evaluations of these areas

= are not included in this scope of work.
The Area 11 South Landfill is located adjacent to what appears to

be an old railroad bed. Much surface and buried litter is evident over
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an area of perhaps 10 acres. In addition to railroad track, ties and
o ballast, the following were also observed: cinders and charred wood,
powder canisters, piping, metal, mesh, bricks, pumice blocks, 30- and
- 55-gal drums, reinforcing bars, a laboratory flask and miscellaneous
"wire and plastic articles. One mound on the bank just above the
- stream bed has several of what appeared to be metal vents on the top
a— and a 4-in stainless steel pipe drain extending from the bottom. The
stream bed west of the road appeared to contain especially heavy cor-

centrations of debris. Black tars and ash were evident in the stream

bed.

- Site 4: Area 11 North Landfill

The Area 11 North Landfill appears to have been the site of a

- large (2 to 3 acre) impoundment. The impoundment is flat in the

Y middle and has small intermittent stream or marsh areas bordering the
"

east and west boundaries. Water appears to flow from south to north

following periods of precipitation. Thé reinforced concrete remains of a

dam can be seen at the northwest end of the site. A large earth

e bunker is located immediately to the west. It may have been built with

earth excavated from the semi-marshy lagoon area and may have been

constructed to protect the explosives processing areas located further

- to the west. It was suggested that RDX or magnesium may have been

stored underwater here or the area may have been used to detonate

- explosives or for experimental detonations. The level bottom of the

impoundment shows a number of bare patches of fine white silt or clay.

Hhiid

Other weathered areas showed horizontal layering of white and gray
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sediments. A number of dynamite-type fuses were noticed here as well

as a small powder carrier, 1.5-in dia by 3 in, with the fuse intact.

Small lead chunks were also observed.

Site 5: Area 11 Acid Pond

The Area 11 Acid Pond is a diked impoundment approximately 300
ft x 150 ft which received drainage flowing north from the Area 11
process buildings. The dike extends 5 to 6 ft above the current water
level. A 12 inch diameter pipe exits to the west through the levee to a
valve box which controls the discharge from the pond to a small stream.
This drainage then exits through the woods and swampy areas to the
north. It is claimed that a spill of low-pH water (nitric acid) from the
pond years-ago killed all of the downstream vegetation for 1/4 mile. A
large stand of dead trees is still visible along the creek north of the

pond.

Sites 7, 8, 9, 10 and 11

D AREA SOUTHEAST DRAINAGE

D AREA SOUTHWEST DRAINAGE

P AREA NORTHWEST DRAINAGE

WATERWORKS NORTH DRAINAGE

P AREA SOUTHEAST DRAINAGE

The Olin D and P Areas are active Olin operations north of Crab
Orchard lLake. Explosives are currently manufactured in the D Area
while research and development is conducted in the P Area. It is likely

that chemicals handled in the P Area are non-conventional or "exotic".
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Universal Match also previously conducted operations here under con-

o tract to the DOD. Their operations ceased after a large explosion.
Sites 7, 8, 9, 10 and 11 are locations within various drainage
channels leading from the Olin D and P Areas. These discharge to the

Lake near the Refuge Waterworks.

- Site 7A:D Area North Lawn

There is a large (about 3 acre) lawn located northwest of the

active Olin D Area complex. It is claimed that barrels of chemicals

were dumped on a knoll within this lawn. No evidence of a knoll was

seen during the site visit, but a number (about 8) of depressed brown
i patches were evident on the lawn. A visually ciean drainage channel is
located south of the lawn and exits under the fence to the west. Other

Atha

moist drainage areas extend to the wooded area to the west of the site.

Site 11A: P Area North

s Located outside of the fence north of the Olin P Area is an aban-
doned L-shaped loading area with connecting covered walkways approxi-

" mately 100 ft and 85 ft. The central structure contains a loading dock
, and a steamhouse containing a concrete pit with about 5 ft of clear
standing water. An old roadbed runs west and north of the structure

o and draining swales surround all of the buildings. An abandoned (?)
sewer line also runs across the north edge of the site. It has been

reported that contaminants were dumped on the ground outside of the

building.
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Site 12: Area 14 Landfill

- Area 14 was a site of munitions loading activity. Many of the
buildings have been abandoned or demolished, but a few industries
presently occupy some of the buildings. Historic aerial photos indicated
what appeared to be landfill activity in the field east of the present-
| ly-occupied buildings. During the site visit the remains of a 100-ft dia
weaar circular impoundment were found at this site. The interior of the
impoundment is presently overgrown with trees with trunk diameters of
= 8 to 10 in, indicating the date of the impoundment closure at about 1955
to 1965. The impoundment walls are about 6 ft high and the north wall
has been breached to allow drainage to flow from the impoundment to an
woes adjoining field. Several black oily pools are evident within and outsice
the basin. Other bare patches of black sediment and tars are located

1o (7

around the basin floor.

[ LN]

Site 13: Area 14 Change House Site

e Southeast of the active Diagraph-Bradley buildings on Area 14 was
an old building which was recently demolished. Formerly, it was the
" site of a "Change House" where workers changed their clothing after
working in the adjacent bomb-loading buildings. At one time a company
named CTIl (Chemicals and Technology, Inc.??) manufactured explosives
- and other chemicals in this building. Other industries may also have
occupied this building. The change building was supposedly locatad
across from the bomb-loading building on a plot of land just southeast
. of the intersection of two roads on the north edge of a big dirt mound.

The concrete floor of the change house is under this mound. Aerial

(LY 1)

[ I 1)
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photos show another building (no longer present) further east of the
- corner; field inspection revealed several 1/2-in reinforcing rods imbed-
ded in concrete near the corners of this building.

N g

Site 14: Area 14 Solvent Storage

Diagraph-Bradley or Diagraph Marking Systems currently operates
- within a complex of buildings in Area 14. They produce inks, stencils,
stencilboards and marking pens. Linseed oil and various solvents are
handled in bulk and in drums here. Some of the bulk solve;'\ts noted

were: T25 Xylene, T8 Diacetone Alcohol, T9 Diethylene GClycol, and

T18 Methy! Cellosolve. Several compressed gas cylinders are also
_— present. At |east two drum storage areas containing 50 to 200 drums

were also noted. Spill containment facilities are minimal. © A drainage

4

ditch runs north parallel to the road west of the buildings. Process

water from the Diagraph-Bradley buildings enters this ditch from a

e M‘;’/’ L

Al

standpipe.

Z,/J e fpt - z,’/ ///ﬂ//’{ - /? At

e iy

Sites 15 and 16

AREA 7 PLATING POND

AREA 7 INDUSTRIAL SITE

Area 7 contains a complex of 33 identical buildings which have
— been used for a variety of industrial purposes during the past 40
years. Each of the six rows of buildings was previously served by a

" railroad siding.
Within a wooded rise to the south is located a small pond (approxi-

mately 50 ft x 30 ft) which is bermed about five ft above the current

e ami )
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water level. The current water depth is estimated to be about four ft.
- It is claimed that this pond was used to receive plating wastewaters
from Olin operations which were located in this area at one time.
PCBs, lead and other heavy metals may be of concern here.

Many of the buildings on the Area 7 site are used for dry ware-~
housing purposes. However, two specific locations have been specified
— for sampling. Buildings 3-4, 3-5, and 4-4 are used by Pennzoil for

waste oil recovery and recycling operations. Black residues are notice-
- able around some of these buildings. Buildings 5—‘2 and 5-3 are used
by a refurbisher of mining machinery. Black residues are also evident
| around these buildings. A drainage channel runs from south to north
s through the center of the site.

it

Site 17: Job Corps Landfill

Northeast of the Refuge Waterworks is a small (approximately 10

acre) pond created by Job Corps workers in the mid-1960's. Attention

oy has recently been brought to this pond because as many as thirty or

more geese carcasses have been found floating on the water or littering

- the shores. Some of these carcasses have been relatively fresh while

others were in various state of decay. The Fish and Wildlife Service

has completed extensive analyses of these carcasses and has ruled out a

| variety of potential chemical causes. A definite conclusion has not yet
been reached.

The "Job Corps" landfill was discovered while investigating the

geese kills. It is located within a wooded area to the north and adjoin-

ing the pond and covers an area of perhaps an acre of more. It ap-

e pears to be mainly surface litter dumped in spots and perhaps spread

L RCY
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around, although deeper spots cannot be ruled out. Many of the
- surface articles appear to be connected with food preparation, e.g.
institutional-size food cans, and a variety of bottles. The bottle styles
and labels suggest a date of the mid-1950's, which was consistent with
- a 1956 Illinois automobile license plate also found. Many of the debris
piles are overgrown by thick brush. Two bare patches (less than 6-ft
- diameter each) were located among the debris. Mica flakes and smalli
electrical contacts were found in one of these. It is claimed that small
electrical capacitors were also found here, but none were noted during
- this site visit. Probing with a trowel revealed no further debris be-

neath the top inch of soil.

Site 18: Area 13 Loading Platform

On the northwest end of the Area 13 munitions storage bunkers is

- a concrete loading platform adjacent to the abandoned and dismantled
rail line. It is reported that munitions-type chemicals were dumped off

ot the platform. The site inspection indicated that the elevated concrete
loading dock is about 235 ft long by 10 ft wide and about 5 ft high.

- The dock is supported on concrete posts spaced 9 ft apart. The
northwest side contains stone bedding (probably from the oil railroad

bed) with a number of small areas of ponded water. No unusual vege-

s tation changes were detected. The only unusual item was a pile of dirt

and stone rubble off the west end of the dock with a rusted drum shell

nearby.

Ty

ke
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Site 19: Area 13 Bunker 1-3

- Area 13 contains approximately 85 bunkers which were originally buiit
for storage of 500-lb bombs. Most of them still contain explosives,
leased mainly to Olin and U.S. Powder. Agricultural fields are cul-
tivated between the bunkers. Formerly, they were fruit orchards.
It has been reported that chemicals were poured out near Bunker
— 1-3, probably in the field next to it. A site inspection did not reveal
any significant signs of impact. Evidence of fill activity (scattered red
- bricks) is widespread. An L-shaped area of brown vegetation differ-
ence was noted to the west side of the bunker.

wid/

" Site 20: D Area South

An abandoned building is located within the fenced southeastern

e end of the Olin D Complex. It was reported that chemicals were
- dumped here. A drainage swale originating at the building runs east
outside of the fence. A four-in pipe (dripping) extends from the Olin

w— Area under the fence and discharges to this ditch. A slight sheen was

noticeable on the surface water in pooled areas of the ditch.

Site 21: Southeast Corner Field

At the southeast corner of the refuge is a field which is thought

) to be the site of a very old landfill. A pile of concrete pieces, pos-
sibly from an old bridge, is located immediately inside the fence. The

topography gradually slopes to the south and east with a swampy

drainage ditch at the bottom of the slope. No other evidence of debris

Y )
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could be found. Trees as large as 24-in in diameter suggest that the

area has not seen any soil-disturbing activity within the past 60 to 70

years.,

Site 22: Oid Refuge Shop

North of the refuge along Wolf Creek Road is the old refuge
headquarters, now leased by Diagraph Bradley. Behind this building is
located the old shop area of the refuge. Pine poles were treated here
with pentachlorphenoll and shipped to various spots around the country.
Outside the fence to the north is a small pool which receives drainage
from the old shop area. The pool contains a green-yellow scum and

drains through the woods to the northwest.

Site 24: Pepsi-West

The Pepsi Cola Bottling Company in Marion could potentially dis-
charge to Crab Orchard Creek. It is not known whether the City or
State monitor environmental activities here. A site inspection indicated
that it was unlikely that discharges issued directly south to the Creek,
since the entire south end of the property rises 4 to 8 ft in elevation
above the parking lot. Drainage ditches, however, were located to the
north adjacent to the street. These probably receive surface runoff

only.

Site 25: Crab Orchard Creek at Marion Landfill

The old Marion landfill is off Old Creal Springs Road and directly

abuts Crab Orchard Creek. It has apparently been inactive for a
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number of years. A visible face of trash can be seen by travelling
- upstream several hundred yards from the road. Near to this is a small

pond (approximately 3/4 acre).

Sites 26 and 27:

CRAB ORCHARD CREEK BELOW MARION STP

e CRAB ORCHARD CREEK BELOW (57 DREDGE AREA

The Marion sewage treatment plant discharges to Crab Orchard

L E

Creek somewhere upstream of Court Street. A number of samples
downstream from the Marion STP are scheduled to assess the quality of

various stretches of Crab Orchard Creek.

Site 28: Water Tower Landfill

Aerial photos indicate landfilling activities adjacent to the water

. tower near Areas 7 and 14, These activities are not visually apparent
today. The sloping face northeast of the water tower is heavily over-

- grown with briars and rutted with several major gullies. Only a small
amount of refuse is evident on this slope. A previous soil sample taken

o in this area showed 800 ppm lead concentration. More activity is ev.i-
dent in the woods at the bottom of the siope. A number of rusted
drums, metal parts and tar residues can be found here. Standing
— water in the main drainage gully shows a slight sheen on the surface.
Several small mounds are within the woods and a larger mound is locat-

im o

ed at the top of the hill.
e

L L

d i
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Site 29: Fire Station Landfill

- Located southwest of the refuge fire station is a large field which

was used for storage of mining machinery until several years ago. The

I ian

northern and western edges of this field show evidence of a large dump
site. Debris is evident on the face which drops 4-5 ft. to a swampy
area to the west. Previous sampling near an evergreen tree on the
T north side showed lead concentrations of 553 ppm. A slight sheen is

noted in spots within the swamp. Most of the debris consists of con-

crete, metal, wire and other machinery-related items. It was reported

that Olin dumped heavily here and there once was a very hot fire,

e '
Ign'itable magnesium is suspected to be in the fill. An empty 30-gal

/
- drum labelled "Magnesium Powder" was found along the south portion of

the_eastern face. - S
o / /g.t{,. , P ///{“(/fl///f cd Z{"i’ =

1wl 4

Site 30: Munition Control Site

i ollh

A munition control site is established on an area where the

h operations involved only ammunitions manufacture.

Site 31: Refuge Control Site

A control sampling station is established on an uncontaminated area

of the refuge behind the new Refuge headquarters. Selection of the

a control site was coordinated with the Refuge Manager, following a site
visit.

L 1)
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Site 32: Area 9 Landfill R & 3
vma The Area 9 Landfill was used during the 1950's and early sixties

and was probably closed in 1964. The Landfill is located below approx-
" imately 100 yds south of Crab Orchard Lake and approximately 100
yards east of the building complex. Runoff can drain from the landfill
into an intermittent creek and then to the Lake. The limits of the
v landfill are discernible by changes in the topography and vegetation.
It is approximately 2.5 acres with a fill thickness of 8 to 10 feet in the

middle and 6 feet at the edges. Waste materials are exposed at lo-

cations where cover material has eroded. Some areas are void of vege-

AL ]
9

tation.
s The volume of the landfill is estimated to be from 16,000 to 35,000
cubic yards. Materials visible on the surface appear to be electrical
- components consisting of small capacitors, capacitor parts, large chunks
» of a golden resin, and a large number of 3-inch steel cuplike pieces.
Wastes were burned, compacted in a swale and covered when the
s landfill was active. Specific compounds of concern include lead,
acetate, PCBs (Aroclor 1254 and 1242), and PCB burning products.
- Other possible materials from capacitor manufécturing include mica,
silver, cyanide, aluminum hydroxide, aluminum oxide, gold, copper,
zinc, hydrochloric acid, styrene, nitric acid, phosphoric acid, and
o borates. Other industrial wastes may include cyanides, printing inks
and lead-based explosives. A magnetometer survey indicated a high

Tores g

concentration of metals on the east side of the landfill.
i amily
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-
Site 33: Area 9 Building Complex

- The Area 9 Building Complex was leased during the period from
1946 to 1962 as the Ordill Facility containing the Sangamo Capacitor

- Division. Manufacturing operations began in the earily 1950's. This

. division manufactured power factor capacitors, AC motor run capacitors,
and a variety of DC capacitors. The components were of various types

"o and included aluminum, electrolytes, mica, and silver and lead foil.
The Division also manufactured small transformers that used mineral oil

o as a dielectric.

- Subsequently, Olin Corporation started using the industrial facil-
ities at the site. Olin manufactl;red explosives that were used to start

v e jet engines. The company used nitro-glycerine in its operation.

" Site 34: Crab Orchard Lake

o Crab Orchard Lake (completed in 1940) has a surface area of 6,965
acres, a maximum depth of 30 feet, and 635 acre-feet of storage capaci-

win ty. The watershed drainage area is 109,261 acres. The lake has a
retention time of approximately 0.8 years. Water enters the Ilake

“ through several creeks, including CraB Orchard Creek on the eastern

" end of the lake and an intermittent creek adjacent to the Area-9 Land-
fill. Water leaves the lake through Crab Orchard Creek on the western

e end of the lake. In addition, 280,000 gallons/day of water is used by
the Refuge.

« e

The eastern section of the lake is near several manufacturing

operations established since the 1940s.

Fhasd
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1.03 Project Objectives detommima hrevede o G Iy
v The primary objective of the RI/FS is ‘{6, recommen n%};wnﬂ;os;'z
cost-effective source control and off-site remedial actions. Source
- control remedial actions include measuresto prevent, reduce, or elimi-
nate contamination either by containing the hazardous wastes in place or
removing them from the site. Off-site remedial actions include measures
ot to mitigate the effects of hazardous waste contamination that has migrat-
ed beyond the site. Appropriate source control and off-site remedial
- actions will be formulated and analyzed in detail after sufficient data
- have been generated through the remedial investigation.
Based upon existir"ng data, remedial actions that may be appropriate
v for the CONWR site include, but are not limited to, one or a com-
bination of the following:
" ° No action.
" ° Removal and disposal of waste material.
° Solidification or stabilization of waste material.
A ° In place reconstruction or encapsulation of waste material.
° Continued off-site monitoring.
" ° Limit access to con'taminated areas.
° Groundwater collection and treatment systems.
° Surface water drainage measures to prevent ponding on or
w1t near sites of contamination.
° Construction of groundwater barriers.
" © Construction of a clay or synthetic cap over contaminated.

Canfaml’nqﬂ"f{ _v:gp[l/‘ /;16/‘/)105’(/]50.‘7:
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Presently, the available data and information on the site are insuf-
- ficient to allow a definitive selection, screening, and feasibility study of
remedial action alternative.

1.04 Project Description

b

The remedial investigation/feasibility study (RI/FS) for the Crab
i Orchard National Wildlife Refuge Site is intended to determine the

nature and extent of contamination, to develop and evaluate remedial

e vt

alternatives and to identify cost-effective remedial actions to be taken

at contaminated sites on the refuge which reduce risks to acceptable

levels. To accomplish this, the following tasks will be completed:

L

. - characterize the on-site soil, sediment, water and biological

samples for the presence of hazardous contaminants (includes

T |
- landfill, surface soil, pond and lake water).

- - identify pathways of chemical migration from the site.
{0

- characterize the off-site soil, sediment, water and biological
ik samples for key hazardous components.

- determine and describe on-site physical features that could
" affect rﬁigration of key hazardous components, methods of
. containment, or methods of remedial action clean-up.

- develop viable remedial action alternatives.
M - permit the evaluation of the remedial action alternatives.

- recommend the most cost-effective technically feasible remedial
o option which has the ability to reduce impacts on human
- health, welfare and the environment to an acceptable level.

- prepare a conceptual design of the recommended remedial

. action alternative.

1Y
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TASK 1 - DESCRIPTION OF CURRENT SITUATION

e O'Brien & Gere will describe the background information pertinent
to the sites and outline the purpose and need for remedial investiga-
tions at those locations. The data gathered during any previous inves-
tigations or inspections and other relevant data will be used. A partial
list of sources on published and unpublished data available on Crab
s Orchard Creek watershed and Crab Orchard Lake is included in the

Work Plan Suppiement (December 1985).

. The sub-tasks will include site background, nature and extent of
o th'e problem at the sites under investigation and a history of response
actions.
-
TASK 2 - REMEDIAL INVESTICGATION SUPPORT
* Prior to initiating any field investigations, the following prelimi-
e nary work will be completed.
A. Site Visit
" Initial site visits will be conducted to become familiar
with site topography, access routes, and proximity of recep-
tors to possible contamination, and collect data to support the
" Site Health and Safety Plan. Site surveys will be conducted
to identify and stake boundaries of known contaminated areas,
vt monitoring wells, and soil borings, and to identify sediment

sample locations. A geophysicist will evaluate the applicabil-

Al (P

ity of using geophysical methods to determine the existence of

contaminant groundwater plumes if necessary. The visit will

i
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be used to verify the site information developed in Task 1.

The Site Health and Safety Plan will be amended, if neces-

sary, as a result of this visit.

Site Maps

O'Brien & Gere will prepare site maps showing all
wetlands, water features, drainage patterns, tanks, build-
ings, utilities, paved areas, easements, right-of-ways, and
other features. The site maps and all topographic surveys
will be of sufficient detail and accuracy to locate and report
all existing and future work performed at the sites. Areas to
be investigated will be mapped using existing topographic
maps or aerial photos. After the initial analytical data have
been reviewed and where necessary for remedial efforts, the
topographic maps will be prepared with 1-foot contours refer-
enced to the National Geodetic Vertical Datum with a scale of
1 inch to 50 feet. The maps will extend 200 feet beyond site
boundaries and include all drainages to Crab Orchard Lake.

Boundary lines encompassing contaminanted areas will be
identified. The boundary lines for the landfill study sites
will be identified using magnetometer and electromagnetic
methods. The boundary conditions will be set so that subse-
quent investigations will cover the contaminated media in
sufficient detail to support the feasibility study. The bound-

ary conditions may also be used to identify boundaries for
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site access control and site security. If necessary, a fence
or other security measures may be installed as an initial

remedial measure.

C. Dispose of On-Site Generated Waste
All wastes generated by on-site activities will be la-
belled, drummed and stored within controlled-access areas.
Wastes which will be drummed include: all drill cuttings, all
purged groundwater from well development, decontamination
wash water and disposable protective clothing. These mate-
rials, if contaminated, will be properly disposed of during

cleanup actions as identified by the feasibility study.

TASK 3 - SITE INVESTIGATIONS

O'Brien & Gere will conduct remedial investigations necessary to
characterize the site and its actual or potential hazard to public health
and the environment. The site investigations will generate data of
adequate technical content to support detailed evaluations of alternatives
during the feasibility studies.

, 'l;/he site investigations will be conducted in two phases. Phase |
T I T

P Wit inc|ude49eophysical surveys, hydrogeologic investigations, installa-

tion of groundwater monitoring wells, and a screening of each site to
analyze composited samples for a broad array of potential contaminants
as listed in Table 2. Selected samples will be confirmed by a full

analysis for the priority pollutants.
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TABLE 2
RI/FS ANALYTICAL PARAMETERS
Purgeable Priority Pollutants
(Screening and Full Analysis)

Acid Extractable Priority Pollutants
(Screening and Full Analysis)

Base/Neutral Extractable Priority Pollutants
(Screening and Full Analysis)

Pesticide/PCB Priority Pollutants
(Screening and Full Analysis)

PCB's

Metals

- ICP scan

- Priority Pollutant Metals by AA Spec
- Mercury '

EP Toxicity

Cyanide 40

Indicators

- pH (field)

- Specific Conductance (field)

- Total Organic Carbon

- Total Organic Halogens
Explosives Residues by HPLC
Nitrogen Series: TKN, NH3N, NO3N

PCDD/PCDF
(Screening and Full Analysis)

Cation Exchange Capacity
Total Phosphorus
Primary and Secondary Drinking Water Standards

Percent Solids (for soil/sediments)
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A

The sites listed in Table/Z/fall under five categories.

1. Landfills
2. Surficial Contaminant Sites

3. Streams

4, Ponds
5. Lake
Phase |l will consist of additional sampling and analysis to fill in

data gaps identified in Phase | and further assess the extent of con-

tamination at each site where materials of concern are found.

The

general rationale in developing sampling and analysis schedules for each

category of sites is shown in Table 3.

The sub-tasks under site investigations include:

A. Geophysical Surveys
. Hydrogeologic Investigations

. Groundwater Sampling and Analysis

B
C
D. Soil Investigation
E Surface Water and Sediment Sampling and Analysis
F

Fish Sampling and Analysis

Geophysical Surveys

Geophysical investigations will be conducted to determine
the extent of soil and groundwater contamination, if any, in
the vicinity of several specified study sites as outlined in
Appendix B. In particular, the geophysical investigations
will be conducted at areas of suspected landfill activities, and
will consist of magnetometer and electromagnetic induction

(EM) surveys.
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REMEDIAL INVESTIGATION SAMPLING AND ANALYS!S SEQUENCE

Phase |

Cores - depth composites - screening
& full priority pollutants &
explosives residuals + ICP metals -
Install wells-analyze indicators +
metals.

Phase |1

Radial & depth cores and wells for
priority pollutants & explosives
residuals found in cores & AA metals.

iy
Lol

Contingency

Site Category Recon.
Landfills Geophysics
Surface Geophysics

- locate utilities

Surf, Soils ~ screening & full
priority pollutants and explosive
residuals + ICP metals.

Depth soils

Radial soils - surf. & depth
Runoff - water & sediments &
depth profile

Streams - Waters
- Sediments

Upstream/downstream - screening & full
priority pollutants & explosive resi-
duals Surf, seds: 2 near shore, 1 near
lake - screening & full priority
pollutants + expl. + ICP metals

Surf seds - int + depth seds. =
priority pollutants found +
AA metals

Ponds - Waters
- Sediments
- Groundwater

(Same rationale as streams)
(Same rationale as streams)
Upgradient/downgradient wells
{(2) - indicators

Depth profile on sediments
priority pollutants + expl. found
in waters or seds.

Additional wells

Lake - Waters

- Sediments
- Biota

S sites; primary & secondary -
Drinking Water stds.

(None)

Sample & freeze

S biota sites + 5 use sites:

anything found in Phase |

S sites: parameters found in Phase |
parameters found in Phase |

Control Sites - Lake control
- Soil & groundwater control
- Clean area
- Munitions area

(A11 analyses included at other sites)

Full scans

*ICP: Metals analysis by Induced Coupled Plasma Spectrophotometry
AA: Metals analysis by Atomic Adsorption Spectrophotometry
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B. Hydrogeologic Investigations

The hydrogeologic investigation will be used to determine
the present  and potential extent of groundwater
. contamination, if any, and evaluate the suitability of the site
for on-site waste containment. Efforts will begin with a
survey of previous hydrogeologic studies and other existing
it data (completed as part of Task 1 a and c). The survey will
address the degree of hazard, the mobility of chemicals
e considered, the soil attenuation capacity and mechanisms,
e discharge/recharge areas, regional flow direction and quality,
and effects of any pumping alternative. Subsequent to the
o o survey of existing data, sampling programs will be developed
to determine the horizontal and vertical distribution of
T

chemicals considered and predict the long-term disposition of

such chemicals.

v C. Sampling and Analyses of Groundwater

Groundwater monitoring f\cle_lls M‘L;Ubg/ installed during the

B Phase | sampling effort ancﬁj///lbs:n:pled during Phase 1l. Addi-
tional monitoring wells will be installed-, if necessary after

existing on-site wells are sampled and the water analyzed for

- contaminants of concern. Then, based on the geophysical
results (Task 3a) and results of contaminant analyses, the

extent and scope of any additional hydrogeologic investigation

will be determined.

[
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Soil Investigation

O'Brien & Gere will develop and conduct a program f{o
identify the location and extent of surface and subsurface
soil, and sediment contamination. This process may overlap
with certain aspects of the hydrogeologic study, e.g.,
characteristics of soil strata are relevant to both the
transport of contaminants by groundwater and to the location
of contaminants in the soil. These soil samples and an
additional number of soil borings will be collected for analysis

from various sampling sites around the refuge.

Surface Water and Sediment Investigation

O'Brien & Gere will develop and conduct a program fo
determine the extent of water and sediment contamination on
selected refuge lakes, marshes, ponds and streams. This
process may overlap with the soil investigation; data from
lake sediments sampled may be relevant to surface water
quality. A survey of existing data on surface water quality

and quantity may be a useful first step.

Fish and Wildlife Investigations

Selected species of fish and other aquatic organisms on
the refuge will be collected by FWS and analyzed by O'Brien
& Gere for residual levels of contaminants previously
identified in landfills and other contaminated areas on the

refuge.
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TASK 4 - PRELIMINARY REMEDIAL TECHNOLOGIES

A.

Post-Investigation Evaluation

Either during or following the site investigations,
O'Brien & Gere will assess the investigation results and
recommend preliminary remedial technologies best suited to
specific contaminant problems for each site. They will pro-
vide the basis for developing detailed alternatives needed for
the completion of the feasibility studies. The data generated
during the remedial investigations will generally be limited to
accomplish the following:

1. Recommend types of remedial technologies appropriate to
physical and site contaminant conditions.

2. Recommending whether or not to remove some or all of
the waste for off-site treatment, storage, or disposal.

3. Determine the compatibility of groups of wastes with
other wastes and with materials considered as part of
potential remedial action. Recommend alternatives for
treatment, storage, or disposal for each category of

compatible waste,

TASK 5 - SITE INVESTIGATIONS ANALYSIS

The results of Tasks 1 through 4 will be used to prepare a thor-

ough analysis and summary of all site investigations. The objective of

this task

is to ensure that the investigation data are sufficient in

quality and quantity to support the feasibility studies.
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The results and data from all site investigations will be organized
- and presented logically. The geographic groupings listed on Table 1
will form the basic structure for all of the assessments. This will

permit the assessment of transport modes and impact to receptors.

A. Data Analysis and Endangerment Assessment

The site investigation data will be analyzed to develop a
v summary of the type and extent of contamination at the sites.
The summary will describe the quantities and concentrations
of specific chemicals at each site and ambient levels surround-
ing the sites. Ambient samples will be collected from control
sites.
« it Data collected during the Rl phase will also be evaluated
to determine if environmental conditions or materials at the
" site present potential hazards to human health or welfare, or
to the environment. Existing standards will be reviewed to
help formulate conciusions and recommendations regarding the
] hazard potential of the site. If additional hazards are iden-
tified, the risks associated with each hazard will be sum-
marized.
This'analysis will discuss the degree to which either
source control or off-site measures are required to signifi-
s cantly eliminate the threat, if any, to public health or the
environment. If the results of the investigation indicate that

no threat or potential threat exists, a recommendation of no

remedial response will be made.

[ 1 1]
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o A technical memorandum will be prepared by the Respon-
- " dents summarizing the hazard evaluation process and present-

ing the results of the hazard assessment.

TASK 6 - FINAL REPORT

A final Rl report will be prepared to consolidate and summarize the
e data collected during the RI. The report will include a discussion of
the data acquired during the Rl and the hazard identification and risk
potential of the contaminants detected. Ten copies of the remedial
investigation report will be submitted to the FWS. The report will be

vl

structured to enable the reader to cross-reference with ease,

TASK 7 - COMMUNITY RELATIONS

hed
The Community Relations program is included as Task 7; however,

. the dissemination of information to the public will be coordinated by the
FWS throughout the duration of the study. O'Brien & GCere will provide
- personnel, at the Service's discretion, to support the programs as

community relations must be integrated closely for all remedial response
]

activities.
. The objectives of this effort are (1) to keep the community in-

formed as to the study progress, (2) to achieve community understand-
- ing of the actions taken, and (3) to obtain community input, and sup-

port prior to selection of the remedial alternative(s).
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TASK 8 - ADDITIONAL REQUIREMENTS

A.

Reporting Requirements

O'Brien & Gere will prepare monthly reports to describe

the technical and financial progress of the project. These

reports will discuss the following items:

1.

10.

Identification of sites on which activity took place and
the nature of those activities.

Status of work at the site and programs to date.
Percentage of completion.

Difficulties encountered during the reporting periods.
Actions being taken to rectify problems.

Activities planned for the next month.

Changes in personnel

A comparison of target and actual completion dates for
each element of activity including project completion and
an explanation of any schedule deviations in the work
plan.

Progress Reports on Items 1 through 8 will be submitted
to FWS, who shall in turn relay them to USEPA and
IEPA.

A Work Plan that includes a detailed technical approach
and schedules will be submitted for the proposed fea-

sibility study.
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Site Health and Safety Plan

Prior to conducting any field activities O'Brien & Gere
will provide any necessary modifications to the Site Health
and Safety Plan as presented in Appendix C. The plan is
consistent with:

Section 111(c)(6) of CERCLA.

EPA Order 1440.3 - Respirator Protection

EPA Order 1440.2 - Health and safety requirements for

employees engaged in field
activities.

EPA Occupational Health and Safety Manual.

Other EPA guidance as provided.

State Safety and health statutes.

Site conditions.

EPA Interim Standard Operating Safety Cuide (September

1982) and applicable OSHA standards.

Quality Assurance/Quality Control (QA/QC)

O'Brien & Gere has prepared a Quality Assurance Project
Plan (QAPP) for the sampling, analysis, and data handling
aspects of the remedial investigation which is presented in
Appendix A. The QAPP plan is consistent with U.S. Fish
and Wildlife Service, State and Federal EPA requirements.

The plan addresses the following points:
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1. QA Objectives for Measurement Data, in terms of preci-
sion, accuracy, completeness, representativeness and
comparability.

2. Sampling Procedures.

3. Samplie Custody.

4, Field Equipment, Calibration Procedures, References and
Frequency.

5. Internal QC Checks and Frequency.

6. QA Performance Audits, System Audits, and Frequency.

7. QA Reports to Management.

8. Preventative Maintenance Procedures and Schedule.

9. Specific Procedures to be used to routinely assess data
precision, representativeness, comparability, accuracy,
and completeness of specific measurement parameters
involved. This section will be required for all CA
project plans.

10. Corrective Action.

Site Sampling Plan

Site specific sampling plans for Phases | and Il of site
investigations have been developed for this Remedial
Investigation, and are summarized in Section 1.05 of this
QAPP. The sampling plan covers the sampling efforts
described in the Remedial Investigation work plan and

addresses the following topics:
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° Sample types and tentative locations

°© Sample equipment and procedures

° Sample handling, custody procedures, and preservation
° Sample documentation

° Sample shipping
° Analytical arrangements (scheduling)

° Analytical procedures

° QA/QC review procedures of data
° Analytical review of data
° Disposal of unused samples

1.05 Sampling and Analysis

Phase | sampling and analysis details are set forth in Appendix B
of the Site Sampling Plan dated 6/85. Additional details are included in
the Work Plan Supplement dated 12/85. The Phase || sampling program
is presented in detail in the Work Plan Supplement, Phase [l Site
Operations Plan dated 4/86.

Sampling activities under various Remedial Investigation Tasks are
shown in Table 4. A listing of individual samples scheduled for Phases
I and kII sampling and analysis are included as Attachment 1. The
parameters included in the various Analysis Sets are given in Table 35,
The number of samples scheduled are summarized by sites and analysis
sets in Table 6 for Phase I! and Table 7 for Phase 1. The rationale for
Phase | sampling at these sites are indicated for each sample in

Attachment 1 and explained in Attachment 2.
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TABLE &

SUMMARY OF ANALYSES TO BE PERFORMED

[L [0}

"

Task No. No. Samples No. For Full Selected No No Field
{WORK PLAN) Collected Screening Analyses Parameters Spikes Dup(s) Analyses Comments
2-B Site Maps -- -- - -~ -- -- -- 1"=50"' Scale
with 1' contors
3~A Ceophysical Survey 6 sites Terrain Conductivity EM-31 Meter Used
6 sites -- - -~ -- -- Magnetometer Proton Magneto-
) meter /CTf%d,
sace. DIk
3-B Hyrdogeologic 9 wells Fike Sta. - 4 wells 217 S50,
investigations to be - -- -- -- -- Acid Pond - 1 well PVC Casing and
instalied Refuge control-1 well well screening
Munciation Control
- 1 well
Water Tower = 2 wells
3-C Groundwater Sampling 5(1) 1(M) Temp, pH and Spec. Samples will be
and Analyses 16 -- 4(Q) Conditions collected and
6(S) Analyzed in
Phase 11
6-(F)
3-D Soil Investigation 328 306 7(G) -~ 20 39
9(H)
3-E Surface Water 36 26 10(1) 1 2
and
Sediment Investigation n 48 10(F) 2(H) -- 4 1 ‘
3(G) 8(1)
3-F Biota 30 -~ 2(H) 28(T) -- -~ Length and Weight Samples Frozen
before shipping
Note:

The letters in parenthesis under full analysis and selected parameters indicate analysis sets (see Table 5).
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PARAMETER LIST
Table 5 pg.l

FOR PHASES I & I ANALYSIS SETS

F

>

i =

§ x

PARAMETERS ANALYSIS SET
R B € D E
{. Purgeable Priority Pollutants -Sereen x - - -
~full Apal, - - - - -
2, Acid Extract. Priority Pollutants -Screen X - - X -
-full Amal, - - - - =
3. Base/Neutral Extact. Prior. Poll. -Screemn x - - X =
<full fpral,. - - - - -~
4, Pesticide/PCB Priority Pollutants -Screen X - - x -
ull fpal, - - - - -
3. PC's - X - -
6. Metals - ICP Scan ~5creen x - - -
- Prior. Poll. scanby AR Full fmal, - - - - -
= Mercury X - - % -
- Cadmium - - - - =
- Chrowium - - - - =
- Magresius - - - - =~
- Lm - - - - -
7. EP Toxicity ~ Chromium - - - - -
- Cadwium, Chrosium, Lead - - - - =
8. Cyanide 40 X - - X =
9. Indicators - pH {field) X - X % -
- Specific Conductance (field) X - X X% -
- Total Organic Carbon X - X o =
- Total Drganic Halogen X - X x -
10. Explosives Residues by HPLC X - - x -
11. Nitrogen Series: TKN, NH3, NO3 x - % 1 =
12. PCOD/PCDF ~Screen - - X -
~Full fmal, - - - - -
13. Cation Exchange Capacity - - x - =
14. Total Phosphorus X - = x -
15. Primary § Secondary Drinking Water Stds. - - - = X
16. Percent Solids (on soil/sed only) X X X x -

NJTE: SETS F } B are full analysis of parameters screened in SETS A & D resply.

SET H is full analysis of selected samples instead of SET D
SETS I to T are for samples analyzed in Phase Il

Print range:EA.M52 § N4.X32; YA.AGO4 | AHA.ARDA; ASA.ABSA § BBA.DBLSA; BWA,BUSA ¢ BVA.CFS6

%X | x § x

+ o>

{Revised March 10, 1386)
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PARAMETER LIST

Table 5
PARAMETERS
J
1. Purgeable Priority Pollutants ~Screen -
. ~Full Anal.
2. Acid Extract. Priority Pollutants -Screen -
-Full fral. x
3. Base/Neutral Extact. Prior. Poll. -Screen -
~full Anal. -
4, Pesticide/PCB Priority Pollutamts -Screen -
-Full fnal. -
3. PCR's -
6. Metals - ICP Scan ~Screen -
- Prior. Poll. scan by AR -Full fmal, -
- Mercury -
- Cadmium -
~ Chromium -
- Magnesius -
- LM -
7. P Toxicity - Chrowium -
- Cadwium, Chromium, Lead -
8. Cyanide 40 x
9. Indicators - pH (field) -
- Specific Conductance (field) -
- Total Organic Carbon -
- Total Organic Halogen -
10. Explosives Residues by HPLC -
11, Nitrogen Series: TKN, NH3, NO3 -
12. PCDD/PCOF <Screen -
—full fimal. -
13. Cation Exchange Capacity -
14, Total Phosphorus -
15. Primary & Secondary Drinking Water Stds. -
16. Percent Solids (on soil/sed only) X

SET H is full analysis of selected samples instead of SET D
SETS I to T are for samples analyzed in Phase Il

]

FOR PHASES I & IT ANALYSIS SETS
pg.2

(Revised March

ANALYSIS SET (contd.)

N

0

E 3

[ |

p

@ R S
x - -
x - -
- = x
X - x
- x -
x - -
X x x

10, 1986)
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PHASE T SAMPLING & ANALYSIS SUMMARY

SITE  SANPLE TYPE
ND.

3 AREA 11 SOUTH LANDFILL

4 AREA 11 NORTH LANDFILL

3 AREA 11 ACID POND

74 D AREA NORTH LAWN

11A P AREA NORTH

7 D AREA SOUTHEAST DRAINAGE
8 D AREA SOUTHWEST DRAINAGE

9 D AREA NORTHWEST DRAINAGE

10 WATERWORKS NORTH DRAINASE

11 P AREA SOUTHEAST DRAINAGE

20 D AREA SQUTH

12 AREA 14 LANDFILL

13 AREA 14 CHANGE HOUSE SITE

14 AREA 14 SDLVENT STORABE

13 AREA 7 PLATING POND

16 AREA 7 INDUSTRIAL SITE

17 JOB CORPS LANDFILL

18 AREA 13 LOADING PLATFORM

19 AREA 13 BUNKER 1-3

Table 6 pg.l
WATER NELL SOILS
NO.OF ANAL. NO.OF ANAL.  NO.OF ANAL.
SAMPL TYPE SAMPL TYPE  SAMPL TYPE

0 - 0 - 3 A

it F
0 - 0 - {1
I A 0 - 1 A
0 - 6 - 16 A

i F
0 - o - 4 A
1 A 0 - 6 -
1 A 0 - o -
1 A 0 - 0 -
i A 0 - 0 -
1 A 6 - 0 -
0 - 0 - 0 -
0 - 0 - 1 D
0 - 6 - 6 A
2 A 0 - o -
1 A 1 N 6 -
2 A o - 7 A

2 D

i F

1 B
2 A 4 @ 3 A

2 D

2 6
6 - 0 - 4 A

1 F
¢ - 6 - 3 A4

SEDIMENTS
NO.OF ANAL.
SANPL TYPE

(Revised March 10, 1986)

BIOTA
NO.OF ANAL
SAMPL TYPE

0 -
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PHASE I SAMPLING & ANALYSIS SUMMARY

SITE  SAMPLE TYPE

NO.

30 MUNITIONS CONTROL SITE

21 SOUTHEAST CORNER FIELD

22 OLD REFUGE SHOP

24 PEPSI-WEST

23 C.0.CREEK AT MARION LF

26 C.0.CREEK BELOW MARION STP

27 €.0.CREEK BELOW 157 DREDGE

2B WATER TONER LANDFILL

29 FIRE STATION LANDFILL

32 AREA 9 LANDFILL

33 AREA 9 BUILDING COMPLEX

33 AREA 9 EAST WATERWAY

34 CRAB ORCHARD LAKE

31 REFUGE CONTROL SITE

TOTAL NUMBER OF ANALYSES
481

Table 6 pg.2
WATER WELL SOILS SEDIMENTS
NO.OF ANAL. ND.OF ANAL. NO.OF ANAL.  ND.DF ANAL.
SAMPL TYPE SANPL TYPE SAMPL TYPE SAMPL TYPE
i F
o - { 1 D 0 -
i 6
0 - 0 - 4 A 0 -
t F
1 A ¢ - 6 - A
1 F
1t A ¢ - 0 - 1 A
1 F
3 A o - 0 - 2 A
i D
1 @&
2 A 6 - ¢ - 2 A
I A 0 - 0 - i D
0 - 2 5 11 A 0 -
i B
]
6 - 4 5 3 A 0 -
2 D
1 6
0 - 3 1 I A 13 A
8 B 3 D
27 ¢
9 H
0o - 0 - i84 B 0 -
4 D
0 - 0 - o - A
i F
10 1 0 - 0 - 8 I
3 E 2 H
0 - t 1 I D o -
1 6
36 16 328 n

(Revised March 10, 1986}

BIOTA
NO.OF ANAL.
SAMPL TYPE

30
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PHASE 1 SAMPLING & ANALYSIS SUMMARY

NO. DF ANALYSES A
WATER 21
WELL 0
SOILS 2
SEDINENTS A
BIOTA 0
SUB-TOTAL 134

" QA/EC - WATER 1
BA/RC - SOIL 2
QR/BC - SEDTMENT 7
GR/AE - BLANKS 9
Qv/ac - TOTAL 23
TOTAL 163

\

o SCREENIN
B £
0 0
0 0
192 27
0 0
0 0
1%° a7
0 0
3 4
0 0
0 0
3 s
23 31
T

oy

~
o
// Ll 7

R
yd

v

PHASE I SAMPLING AND ANALYSIS SUMMARY (Revised March 30, 1986)
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Jins oy,

E

wh SoocowWU
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P
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{Revised March 10,

ANALYSIS SET

SUB-  ___ FULL ANALYSIS

TOTAL F 6

26 0 0

0 0 0

306 6 7

810 3

0 0 0

8 16 10

1 0 0

53 1 2

8 2 1

10 0 2

72 3 5

452 19 15

1986)

-

nwn oo o

-y O

17

—

OCmmMOoO WV O

a3

O

L L )

Lg )

e,

i #le

LR I
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28

28

(=T -~ — I~ |

28

{1

TOTAL

16
328
n

481
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TABLE 7 pg 1

PHASE I1 SAMPLING & ANALYSIS SUMMARY

SITE  SAMPLE TYPE WATER SOILS SEDIMENTS
O NO.OF ANAL.  NO.OF ANAL.  NO.OF ANAL.
SAMPL TYPE  SAMPL TYPE  SAMPL TYPE
3 AREA 11 SOUTH LANDFILL o - 0 - 0 -
4 AREA 11 NORTH LANDFILL 0 - 0 - 0 -
5 AREA 11 ACID POND 0 - 0 - 0 -
7A D AREA NORTH LAWN 0 - 0 - 0 -
11A P AREA NORTH 0 - 0 - 0 - L
$ Al ,
7 D AREA SOUTHEAST DRAINAGE 0 - o - 0 - als? 4, S
L / & T -
L - R :
8 D AREA SOUTHWEST DRAINAGE 0 - 0 - 0 - Ve 20, !
-
9 D AREA NORTHWEST DRAINAGE 0 - 0 - 0 o S L
. e T (/ st /{4‘ // o f
10 WATERMORKS NORTH DRAINAGE (1 J 0 - 5 1.5 ¥/ 35 0
/’ qi,/r‘,)r &r T4
11 P AREA SOUTHEAST DRAINAGE 0 - 0 - S Koy WS el
20 D AREA SOUTH 0 - 0 - 0 -
12 AREA 14 LANDFILL 0 - o - 0 -
13 AREA 14 CHANGE HOUSE SITE 0 - 0 - 0 - L g
 Cas pemt T
14 AREA 14 SOLVENT STORAGE 0 - 0 - 5 L& 2F , )
e T e ———n . Zé‘,y[ . 25 e E"?"_?r’d"pl.
15 AREA 7 PLATING POND 0 £ 0 - Lo e 7 ; e
- nh -~
B XY S
16 AREA 7 INDUSTRIAL SITE 20 0 - 0 - = S e
17 JOB CORPS LANDFILL 2 0 [P 2 8 = “
2 e
18 AREA 13 LOADING PLATFORN 0 - o - 0 -
1Z4
19 AREA 13 BUNKER 1-3 0 - 0 - 0 - =
30 NUNITIONS CONTROL SITE 0 9. - L0 -
\ oA s Lo 2 ’ PO e ;1: .{"/l:"
21 SOUTHEAST CORNER FIELD o - 0 - 0 - == - & ‘
I
22 OLD REFUSE SHOP 0 - 0 - § R .=

24 PEPSI-WEST ¢ - 0 - b -

25 C.0.CREEK AT MARION LF 0 - 0 - 0 -

(Revised March 10, 1986)
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TABLE 7 pg 2
PHASE IT SAMPLING & ANALYSIS SUMMARY
SITE SANPLE TYPE WATER SOILS GEDIMENTS

ND. NO.OF ANAL.  ND.OF ANAL.  ND.OF ANAL.
SAMPL TYPE  GAMPL TYPE  SAMPL TYPE

{Revised March 10, 1986)

Yo oa 7/5 A ij

26 C.D.CREEK BELOW MARION STP 0 - 0 - 0 -
27 £.0.CREEK BELOW 157 DREDGE 0 - 0 - 0 -
- /,_9"}‘! v" "”
28 WATER TOMER LANDFILL 0 - 0 - 0 - — 7
e irmples
29 FIRE STATION LANDFILL 0 - 13 5 b - ”
L el cam /e
/ 5/7 - o e T
32 AREA 9 LANDFILL 0 - 0 - g =7
2/
33 AREA 9 BUILDING COMPLEX 0 - 15t B ¢ - ==
[]
35 AREA 9 EAST WATERWAY 6 - 0 - 0 -
o
34 CRAB ORCHARD LAKE 0 - 0 - 0 -l
31 REFUSE CONTROL SITE 0 - 0 - 0 -
\" %,[, ;'/ 'S.‘?'”P,lf ‘:
TOTAL NUMNBER OF ANALYSES 5 21 80

296

NOTE: Well vater and lake vater and sediment samples vere scheduled as
part of the PHASE I Saspling program and will be collected and
and analyzed in PHASE II. Lake fish samples that vere collected
in PHASE I will also be analyzed in PHASE II.

<

~

D

g
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TABLE 7 pg 3

HIE e

PHASE IT SAMPLING & ANALYSIS SUMMARY (Revised March 10, 1986)

SAMPLING AND ANALYSIS SUMMARY BY SETS

ANALYSIS SET

ND. OF ANALYSES B J K L W N O P @ R 5 T TOAM
WATER o t 0 0 0 0 2 0 2 0 0 0 5
T S0ILS st 0 0 0 0 0o 0 3B 12 0 3 0o M
SEDINENTS F s § § o0 1 0 0 2 5 0 0 8
e SUB-TOTAL 2 6 S 0§ 0 1 2 3B/ 46 5 13 0 2%
QA/QC - WATER o o 0 o o o 0 @ 67 S )
—a BA/RC - SOIL 2 0 0 0 0 0 0 0 2 0 2 9 24
BA/RC - SEDIMENT sttt 0 0 0 & 0 0 00 18

GA/GC - BLANKS 557 U S T T T R Cr/ o [V o
ot GA/GC - TOTAL #0202 40 0 0 T 3 0 2 0 48
TOTAL 29 8 7 6 0 1 2 4 18 5 153 0 34

i



Section No: 1

W Revision No: 1
Date: May 27, 1986
Page 33 of 33

1.06 Project Schedule

- The proposed project schedule is illustrated in Figure 2. This;
schedule was developed for planning purposes. Several tasks identified
in the Work Plan emphasize uncertainties or contingent items which may
be defined at a later date depending on the results of analytical data or
engineering assessments. Therefore, schedule modifications may be

‘- necessary as these tasks are encountered.
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SECTION 2 - PROJECT ORGANIZATION AND RESPONSIBILITY

2.01 Functional Activities

Table 8 lists the functional activities of this project and the firms

responsible for the particular activity.

b 2.02 Project Organization

Table 9 lists the primary contacts for the project. Project
technical personnel and quality assurance personnel are indicated in the
project organization chart (Figures 3 and U4 respectively). Primary
responsibility for project quality review rests in the NWR Resource
i Contaminants Assessment Coordinator. Independent quality assurance

review is provided by the Columbia National Fisheries QA/QC
representatives, the refuge manager, and the USEPA On-Scene
Coordinator.

L POl or I¥E v

o 2.03 Project Manager

The Project Manager will have primary responsibility for overseeing
all facets of the project on a day-to-day basis. Specifically, his duties
will inciude:

- Project scheduling

- - Budget control
- Subcontractor performance review
- - Review of interim reports
- Responsible for project coordination and communication

e £

- Project deliverables
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Task/Activity

Task 1 - Description of Current Situation

Task 2 - Remedial Investigation Support
Support -~ A - Site Visit
B - Site Maps

Task 3 - Site Investigations
A - Geophysical Surveys
B - Hydrogeologic Investigations
- Installation of Monitoring Wells
C - Groundwater: Sampling
Analyses

D - Soil Investigation: Sampling

Analyses
E - Surface Water & Sediment Investigation:
Sampling
Analyses

F - Biota: Sampling
Analyses

Task &4

Preliminary Remedial Technologies
Task 5 - Site Investigations Analysis
Task 6 - Final Report

Task 7 - Community Relations

o
t
«
"
0
[

Additional Requirements

+

'Y
g
L el
-
ol

TABLE 8
FUNCTIONAL ACTIVITIES

Responsible Company

0'Brien & Gere Engineers, lInc.

0'Brien & Gere. Engineers, Inc.
0'Brien & Gere Engineers, Inc.

O'Brien & Gere Engineers, Inc.

0'Brien & Gere Engineers, Inc.

Professional Service Industries, Inc. with
0'Brien & Gere Engineers, lnc. Supervising
0'Brien & Cere Engineers, Inc.

0'Brien & Cere Laboratories, Inc.
Environmental Testing & Certification (ETC)
O'Brien & Gere Engineers, Inc.

0'Brien & Gere Laboratories, Inc.

0'Brien & Gere Engineers, Inc.

0'Brien & Gere Laborateries, inc.
Environmental Testing & Certification (ETC)
0'Brien & Gere Engineers, inc.

O'Brien & Gere Engineers, Inc.

0'Brien & Gere Engineers, inc.

0'Brien & Gere Engineers, Inc.

0'Brien & Gere Engineers, inc.

Fish and Wildlife Service

0'Brien & Gere Engineers, Inc.

A

I
-0

t i : Page s of 1

Where Performed

Main Office, Syracuse, New York

On-Site
Main Office, Syracuse, New York

On~Site
On-~Site
On~Site

On-Site

Laboratory - Syracuse, New York
Laboratory - Edison, New York
On-Site

Laboratory, Syracuse, New York

On-Site

Laboratory, Syracuse, New York
Laboratory, Edison, New York
On-~Site

Laboratory, Syracuse, New York
Main Office, Syracuse, New York
Main Office, Syracuse, New York
Main Office, Syracuse, New York

On-Site

Main Office, Syracuse, New York

Y
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Name and

Responsibility

Dr. James Elder
Regional Resource
Contaminants Assessment
Coordinator

Mr. Norrell Wallace
Refuge Manager

Dr. Dave Stallings
Dr. Jim Petty
Quality Control/
Quality Assurance

Mr. Dick Ruelle
11linois

Resource Contaminants
Assessment Coordinator

Contracting and General
Services

Mr. Richard Boice
On=Scene Coordinator

Mr. Bob Cowles
Supgrfund Coordinator

Mr. Joe Stuart
I11inois EPA Representative

Mr. Mike Carter
111inois Dept. of
Conservation Representative

TABLE 9

PRIMARY CONTACTS

Organization and
Address

U.S. Fish and Wildlife Service
Federal Building, Fort Snelling
Twin Cities, MN 55111

U.S. Fish and Wildlife Service

Crab Orchard National Wildlife Refuge
P.0. Box J

Carterville, IL 62918

Columbia National Fisheries
Research Laboratory

U.S. Fish and Wildlife Service
Route 1

Columbia, MO 65201

U.S. Fish and Wildlife Service
1830 Second Avenue
Rock Island, IL 61201

U.S. Fish and Wildlife Service
Federal Building, Fort Snelling
Twin Cities, MN 55111

U.S. Environmental Protection Agency
230 South Dearborn Street
Chicago, IL 64604

111inois Environmental Protection
Agency

2200 Churchill Road

Springfield, IL 62706

111inois Environmental Protection
Agency

2209 West Main

Marion, I[L 62959

Regional Fish & Wildlife Manager
117inois Dept. of Conservation
R.R. &4, Box 68

Benton, IL 62812

Phone Number

612/725-3536

618/997-3344

314/875-5399

309/793-5800

612/725-3580

312/886-4740

217/782-6760

618/997-4371

Office:
618/435-8138
Home:
618/883-5961
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Name and

Responsibility
John Pevirecon
—Me—HemessTMosgreve

Community Relations

Mr. Jim Ross
Community Relations

Dr. Robert L. Flentge
111inois Dept. of
Public Health Contact

Mr. Les Frankland
I1linois Dept. of
Conservation

Ms. Carol B. Luly
Community Relations

Ms. Jean Hutton
Office of Soliciter
U.S. Department of Interior

Mr. David M. Taliaferro
Attorney, U.S. EPA

Dr. Cornelius B. Murphy, Jr.
0'Brien & Cere

Mr. John Hanson
Beveridge & Diamond

Ms, Ellen Summer
Sangamo Weston, Inc.

TABLE 9

PRIMARY CONTACTS
(Continued)

Organization and
Address

U.S. Environmental Protection
Agency

230 South Dearborn Street
Chicago, IL 64604

U.S. Fish and Wildlife Service
Federal Building, Fort Snelling
Twin Cities, MN 55111

l11inois Dept. of Public Health
525 West Jefferson
Springfield, IL 62707

[T1inois Dept. of Conservation
424 Lincoln Tower Plaza
Springfield, IL 62706

111inois Environmental Protection
Agency

2009 Mall Street

Collinsville, IL 62234

U.S. Department of the Interior
Room 4354

18th & C Streets, N.W.
Washington, D.C. 20240

U.S. Environmental Protection
Agency

230 South Dearborn Street
Chicago, IL 64604

0'Brien & GCere Engineers, Inc.
P.0. Box 4873

1304 Buckley Road

Syracuse, NY 13221

Beveridge & Diamond, P.C.
1333 New Hampshire Ave., N.W.
Washington, D.C. 20036

Sangamo Weston, Ine,
P.0. Box 48400
Atlanta, GA 30362

Phone Number

2S5
312/886-6128-

612/725-3519

217/785-2439

217/782-6424

618/345-6220

202/343-5301

312/886-6826

315/451-4700

202/828-0285

404/449-9006
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PROJECT ORGANIZATION

FIGURE 3

REMEDIAL INVESTIGATION /FEASIBILITY STUDY
CRAB ORCHARD NATIONAL WILDLIFE REFUGE

U.S. DEPT. OF INTERIOR

FISH AND WILDLIFE SERVICE
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- Responsible for establishing a project specific record keeping
system

- Project close-out

ry 2w PP

2.04 Quality Assurancg/Mang"
A\

The Quality Assurance (QA) Manager is responsible for the
monitoring and supervision of the QA/QC program. The QA Manager
reports directly to the Project Manager and his responsibilities include:

- Insure field personnel are both familiar with and adhearing to

proper sampling procedures, field measurements sample
identification and chain-of-custody procedures.

- Contact the laboratory to insure that samples received by

them have been properly identified and packaged.

- Maintain a record of performance and system audits and

i PR

/ <" inform the Project Manager of any problems encountered in
the analytical procedures.

- The QA Manager in conjunction with the Project and
Laboratory Managers will formulate recommendations to correct

any deficiency in the analytical protoco! or/data.

- [ ~

'L:OS Assistant Project Managers >\/’° /

.-/
The management team _for-this project will draw upon the technical

expertise and experience of a number of different individuals. The
project team will consist of multidisciplined personnel with expertise in
Aerial Photograph interpretation, hydrogeology, geophysical surveys,
chemical characterization, soil science, wet chemistry and risk

assessment.
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SECTION 3 - QUALITY ASSURANCE OBJECTIVES

3.01 Overall Objectives

The general quality assurance objective for analyzed measurement
data is to ensure that environmental monitoring data of known and
acceptable quality are provided.

- A For this project, the specific-objectives for measurement data in
Ny oA

.:,(-'V 4 terms of precision, accuracy and compatibility are the same as the

L T ‘, (/-(’?'
LY objectives established for the Statement of Work for the U.S. EPA

_ Contract Laboratory Program (CLP), viz.: The purpose of the QA/QC

i"’pr'ogram....is the definition of procedures for the evaluation and

- documentation of subsampling, analytical methodologies, and the

reduction and reporting of data. The objectives is to provide a uniform

- basis for subsampling, sample handling, instrument condition, methods

nt control, performance evaluation, and analytical data generation and

reporting." This QAPP for sampling, analysis and data handling is

™ consistent with the requirement set forth by the U.S. Fish and Wildlife
Service, as well as all State and Federal EPA requirements. |

[ ihiin!

3.02 Field QC Objectives and Procedures

Field functions such as; magnetometer and electromagnetic terrain
-t conductivity services are activities which do not include sample
collection, but involve measurements where quality assurance concerns

()

are appropriate. The primary objective in activities such as these is to

obtain reproductable measurements consistent with their intended use.

[ 18
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The methods employed in conducting these magnetometer and
electromagnetic  terrain  conductivity surveys are included as
Attachments 3 and 4.

The objective of sampling procedures is to obtain samples that
represent the environmental matrix being investigated. Trace fevels of
contaminants from external sources will be eliminated through the use of
good sampling techniques and proper selection of sampling equipment.

A detailed description of sampling procedures is gresented in the
Site Sampling Plans for Phase | (December 1985) and ‘Phase Il (April
1986). Source material used in developing the gampling plan included

the following:

Technical Support Documents

° Samplers and Sampling Procedures for Hazardous Waste
Streams (EPA-600/2-80-180)
° Test Methods for Evaluating Solid Wastes (EPA SW 846-1980)
e User's Guide to the EPA Contract Laboratory Program
° EPA Technique Monographs
- 15--Purposes and Objectives of Sampling
- 16--Water Sampling Methods
~ 17--Soil and Sediment Sampling Methods
- 18--Sampling of Biological Specimens
- 19--Methods of Collecting Concentrated (Hazardous)
Samples
- 20--Container Opening Techniques
- 22--Sample Handling, Packaging, and Shipping

Procedures
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The Site Sampling Plans inciude the following protocols and

documentation.
° Number of locations to be sampled
© Sampling procedures to be used at the site
° Tests to be completed at each sampling location

° Sampling equipment required at the site

° Sample containers required at the site

° Preservation methods to be used at the site for various types
of samples |

° Reagents, etc., required at the site for sample preservation

° Shipping containers required at the site

° Chain-of-custody procedures to be used at the site

° Shipping methods and destinations, marking instructions,

special labels, etc.

3.03 Field QC Audits

Blanks and duplicate samples will be collected as part of our
QA/QC program. Blanks are employed to ensure that neither glassware
nor procedural contamination has occurred. Additionally, they are
utilized to evaluate ambient site conditions which may cause sample
contamination. If positive interferences occur, the Quality Assurarce
Manager (QAM) will recommend to the Project Manager that sample
collecting and handling procedures be technically reviewed to eliminate

such sample contamination.
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Duplicate samples are treated throughout as two unique samples.
oo The results of duplicate analyses provide information on the overall
precision of both the sampling and analytical programs.
T The number of duplicate and spikes samples for Phase | and ||
are summarized in Tables 6 and 7 respectively.
o 3.04 Accuracy, Sensitivity and Precision of Analysis
All samples collected, (soil, water and sediments) will be analyzed
- // using the Contract Laboratory Program (CLP). Parémeters, methed
detection limits audit, frequency and centr/al limits are shown in Table

10.
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SECTION 4 - SAMPLING PROCEDURES

Objective
The objective of this Sites Sampling Plan (SSP} is to

document the sampling locations, procedures and practices that will
be used in the Remedial Investigation sampling program to be

v conducted at Crab Orchard National Wildlife.
It is anticipated that the sampling and analysis program at

Crab Orchard National Wildlife Refuge will be accomplished in two

a phases.
Phase 1 will be the basis used to determine if a potential
bl problem (s) exists on a specific site and to characterize the range
of chemical compounds which contribute to the problem. Phase Il
" will be employed to define the extent of contamination (both
it vertically and laterally) of any site identified during Phase 1 as a

area of concern. The information obtained during Phase |l will be

i used in evaluating the remedial options.
In general, the analytical effort associated with Phase Il will
be less than that of Phase |, because the results of the initial
effort will assist in diminishing the total number of sites and

reducing both organic and inorganic constituents of concern.

Types of Samples

Various matrices will be sampled and analyzed as part of the

Remedial Investigation. These include the following:

e
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1. Waters: including groundwaters, surface streams, raw and
-y finished water supplies, pond waters and waters from Crab
Orchard Lake.
- 2. Sediments: from streams, ponds and Crab Orchard Lake.
3. Soils: including soils potentially affected by surface spillage
and fill material from sites of past disposal activity.
L 4.  Air: as part of the site safety program.
5. Biota: including fish, turtles and crayfish.
For the most part, all samples will be obtained as single grab
- samples. No time-composited samples are contemplated at this
time. However, at many sites, areal soil composites will be

s prepared. Areal composites are used as a screening device to

allow initial assessments of broad areas for a range of

P
contaminants. Compositing procedures are discussed below.
| TP ] >
Composting Procedures .
. VJW Areal composites of water samples (along stretches of streams,
/\ II .
J gf(_’_//'"ﬁ) surfaces of ponds or depth composites in Crab Orchard Lake) will
KL
da t
v/ be prepared by combining equal volumes of grab samples at each
K ﬂ"@
v location. Individual grab samples for volatile organic analyses will
Y el g
I///%M- ﬁ/ﬂr be retained and labelled in individual headspace-free vials for
l ¢ ) ,'(/rv,
- {,/{ZZ"’” ( compositing by the laboratory.

] Areal composites of soil samples will be prepared either in the
I field or in the laboratory after refrigerating individual grabs to 0
| to 4°C. This will minimize loss of volatile materials. Where soils

; are obtained "n— Lexan cores, these will be capped and refrigerated
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General Sampling Locations and Numbers

* ot Sample Locations
1/'
4;{’3/ Sampling locations were determined in the field during a site
Vil n ‘ “v""t
Jw’r reconnaissance visit on March 26-28, 1985. They are presented in

/

the Site Sampling Plan (Dec. 1985). A log book listing the various
samples to be collected will be prepared for use on-site. The log
ol book will also contain the type of sample and analytical matrix for
each of the samples to be collected. Pre-printed peel-off labels
- will be included in .the log book for tagging the various containers
v to be used for sample collection. The sample team leader will be
responsible for determining the exact sampling location and
s recording the location in the field sampling notebook. The location
will be described in the log book with a sketch that includes
" distances from numbered field reconnaissance stakes and other
— landmarks. The rationale of selecting a sampling location will also

be included. All sampling locations will be photographed.

L]

Sample Numbering System

B
A sample numbering system will be used to identify each

sample taken during the remedial investigation sampling program.
This numbering system will provide a tracking procedure to allow
- retrieval of information regarding a particular sample and to assure
that each sample is uniquely numbered. A listing of the sample
identification numbers will be maintained by the sample team

leader.

L Lot
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Sampling Equipment and Sampling Procedures
JZ\ Soil Sampling
,V,.,./“([/ Soil samples will be collected from identified spots around the
/H Refuge and during the installation of additional groundwater
\\l monitoring wells. Samples will be collected in general accordance
= with the split spoon sampling procedure (ASTM D1586-67), using
2-inch OD split spoon samplers. ' £ i él;’ ,-.:fz/(: e B
/ 4 <
. et S
Groundwater Studies and Sampling
) - 7T Aquifer slug recovery tests will be conducted in all additional
(/"‘/,l»/?:( monitoring wells to obtain in situ estimates of hydr;ulic
4; 7 ) conductivity. A minimum of two test runs should be made at each
w/,:‘»r -

test well.

Properly decontaminated equipment will be used in sampling
all groundwater monitoring wells. See the Decontamination
protocols in'/Attachmen”tf_3_/_oP the QAPP. Before samples are taken,
/"’,;4(.?" each well will be pvurged until there is a constant conductivity,

(usually about 5 to 10 well volumes). After the well has

—

analysis can be collected using a Serisvtaltic pum/g,,or) hand bailer.

e

Samples to be analyzed for volati'l-g,"organics will be collected by
bailing. Teflon tubing will be uged for the suction and discharge
lines for peristaltic pumps. Hand bailers will be constructed of

stainless steel or Teflon.

S VA
L ;’-",7/ )/544«/// P 2.
7
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Waste Sampling

] The Area 9 Landfill is the only site of the Refuge whera
waste materials are being sampled. All other sites represent
sampling of matrices potentially  affected by dispensed

- contaminants. There are special safety concerns posed by the
sampling of waste materials at Area 9 because of the possible

vaw presence of explosives residues or even undetonated cartridges.
Similar concerns exist at other sampling sites, but sampling

- elsewhere is limited to within 1 foot from the surface. Soil borings
at Area 9 will employ split spoon sampling procedures. Drilling

personnel will be required to be removed at [east 100 ft. from the

iy

-i drill rig during advancement of the augers. This is further dis-
cussed in the SHSP.

Field Blanks

Field Blanks for sediment and soil samples will consist of

LR analytical grade diatomaceous earth. For water samples, ultrapure
distilled/deionized water will be used. The field blank sample will

1l :

be placed into the appropriate sampling equipment, removed from

the equipment, and then placed into sampling containers.

v Duplicate Samples

Duplicate samples are defined as two distinct samples taken
from the same location at similar times using identical sampling

equipment that has been decontaminated in a similar manner.

i 18!
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However, duplicate samples of soil cores will consist of a given
core homogenized, divided equally and submitted for analysis as

!
two distinct samples.

Split Samples

A number of samples will be split with a representative of the
FWS for analysis. Split samples are defined as one distinct sample
that is divided equally and sent to two different laboratories for
analysis. Soils will be field homogenized in a clean aluminum pan
prior to splitting. Water sample splits will be duplicates.

[] 4
7 z e
/fa/{/./.f LA T
[ . 7/.'
. A . it ol SRS C i
General Decontamination Procedures W”:'/f’f e e Z
e s e A

~ P (-/ .,A'-I‘I:/_é,.

é/ bicarbonate per 10 gallons of water to the washing

e 2 .
Fv etz SOlULION.

Decontamination of personal gear (boots, gloves, and

waders),@mpl»e_ujars_ ahd sampling equipment will be as follows

(see aiso attached materials to the SHSP):
1. Wash personal gear or sample containers in a bucket or

tub filled between 50 and 75 percent with a trisodium

ot kr G
1 P Z phosphate (TSP) solution (2 Ibs of TSP per 10 gallons of

clean water). Completely brush the entire exterior

e LAV 'y surface of the article undergoing decontamination. If

" PCB's are expected to be present, add 4 lbs of sodium

2. Rinse personal gear or sample containers in a bucket or
tub filled between 50 and 75 percent with clean water.
Completely brush the entire exterior surface of the

article undergoing decontamination,
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3. Dispose of all wash and rinse water in a properly marked
i and sealed container. All such containers of wastewater
will be stored in a secure area on-site and properly

disposed of during the remedial action phase.

Sampling Equipment

o 1. Wash sampling equipment in a bucket or tub filled between 50

and 75 percent with a TSP solution (2 lbs of TSP per 10

gallons of clean water). Completely brush the entire exterior

surface of the article undergoing decontamination. Wash

tnam.|
[}

interior wetted surfaces as required. If PCB's are expected
wir to be present, add 3 Ibs of sodium bicarbonate to the washing

solution. Drilling equipment, augers and split spoon samplers

s b
can be decontaminated by steam cleaning using clean water.

2. Rinse only heavily contaminated sampling equipment in a

e p

bucket or tub filled between 50 and 75 percent with a 20
Ao percent solution of acetone and water. Completely brush the

entire exterior surface of the article undergoing

s :
decontamination. Rinse interior wetted surfaces as required.

If PCB's are present, the first rinse should be carried out

with a hexane solution.
boa 3. Following step 2 above, rinse all sampling equipment in a

bucket or tub filled between 50 and 75 percent with distilled

bl b

water. Completely brush the entire exterior surface of the

au article undergoing decontamination. Rinse interior wetted

surfaces as required.

LY
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4, Collect all wash and rinse water in a properly marked and
. sealed container. Wash and rinse water will be analyzed
relative to its hazardous waste characteristics and disposed of
e in accordance with all applicable state and federal regulations.
» Drilling soils and water as well as discarded protective
clothing will be treated similarly. ~ F
- — pane
Screening Procedures e
-

roi It is probable that not all soil samples will ‘have significant

4 {  concentrations of contaminants. To reduce an

tical costs, a field
/ I ;
[ng d screening procedure may be used in Phase//l

e U
of the Rl to reduce
the number of soil samples sent for complete laboratory analysis.

il j_’[f) Do A,A

/Vnﬂ While constituents used for screening may not be the only
! ! / contaminants present, they may be used as an indicator of
contamination. If they are present in a sample in concentrations
exceeding the positive response criteria established in the Work
e 1p Plan, the interpretation that other contaminants may aiso be

present will be made and the sample will be sent to the laboratory

for analysis of constituents established in the Work Plan (June

- \_1985).

Documentation

Site Location Procedure

Following sampling location identification, a wood stake

. (approximately 2" X 2" X 24") will be driven into the ground,
allowing approximately 8 to 10 ‘inches of the stake to remain visible

el above ground. The top portion of the stake will be painted

orange and labeled for identification. The label will contain sample

[ 1 4
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number and sample type. The location of each stake will be
ot recorded. Sample locations will eventually be surveyed and tied

into the site grid system.

L LY

Photographs

haai

Photographs (35mm, color slides) will be taken to illustrate

T sampling locations. Photographs will show the surrounding area

and reference objects which help to locate sampling sites. The

- picture number and roll number (if more than one roll of film is

” used) will be logged in the field notebook to identify which

sampling si'te is depicted in the photograph. The film roll number

ik will be identified by taking a photograph of an informational sign

on the first frame of the roll. This sign would have the job and

e film roll number written on it to identify the pictures contained on
the roll.

o

b Field Notebooks

Field notebooks will provide the means of recording data on
. collecting activiti'es performed at a site. As such, entries will be
- described in as much detail as possible so that anyone going to the
site could reconstruct a particular situation without reliance on

- memory.
Field notebooks will be bound. Notebooks will be assigned to
field personnel, but will be stored in the document control center
- when not in use. Each notebook will be identified by the

project-specific document number.

Tt
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The cover of each notebook will contain:
et Person or Organization to whom the book is assigned.
Book Number
Project Name
Start Date
End Date
ot Entries into the notebook will contain a variety of information.
At the beginning of each entry, the date, start time, weather, all
field personnel present, level of personal protection being used

onsite, and the signature of the person making the entry will be

ol ¢

entered. The names of visitors to the site, all field sampling team
- personnel and the purpose of their visit will be recorded in the
field notebook.
‘m All measurements made and samples collected will be recorded.
. All entries will be made in ink with no erasures allowed. If an
incorrect entry is made, it will be crossed out with a single strike
" mark. Wherever a sample is collected or a measurement is made, a
detailed description of the location of the station, which includes
e compaés and distance measurements, shall be recorded. The film
’ roll number and number of photographs taken of the station will
also be noted. All equipment used to make measurements will be
' identified, along with the date of calibration.
Samples will be coliected following the procedures documented
in this plan. The equipment used to collect samples will be noted,
along with the time of sampling, sample description, depth at

himl

which the' sample was collected, volume and number of containers.

"



Section No: 4
Revision No: 1
Date: May 27, 1986
Page 11 of 12

In addition, the cooler number into which the sample is placed in
- the field will be recorded. Sample numbers will be assigned prior
to going onsite. Duplicates, which will receive an entirely
separate sample number, will be noted under sample description.
Significant field notebook entries (samples collected, significant
observations) shall be countersigned by another member of the
v project team.

Control of Contaminated Sampling Materials

Disposable sampling and safety equipment and excess samples

may be generated during sampling operations. These materials will

nid be placed in 55-gallon drums (separate drums for solids,
decontamination liquids, debris, and disposable equipment).

" Decontamination liquids should also be separated based on those
. containing solvents (acetone, hexane, etc.) and those containirg
only detergents (TSP, etc.). The drums will be sealed, labelled

b and properly stored in a secure area for proper, legal disposal
during the remedial action phase. Bailed well water and con-

taminated drilling spoils will be drummed for proper storage in a

secure area.

_— Sample Control

Serialized sample tags will be used to label each sample for

1K

analysis. Chain-of-custody records will be compileted for all

. samples according to EPA requirements and procedures set forth in
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NEIC Policies and Procedures EPA-330-19-78-001R. Custody seals

- will be placed on all shipping coolers containing samples.

e
“Z T‘»
it P e ;

Sample Containers and Sample Preservation /

Required sample containers, filling in;t{uctions and

L g

preservation procedures are listed in Table 1 of Attachment 1 of

"up this SSP. The coliected samples will be kept out of direct sunlight

and, after decontamination and labeling, will be placed in coolers

A
for shipment to the analytical laboratory.
ol e ..
Sample Shipping Ty
ol Samples will be packed and labelled according to DOT

regulations and protocols appearing in Attachment 1 of this SSP.
e

Samples will be shipped via a 24 hour delivery service to the
" analytical laboratory so that the samples can be extracted within

allowable time limits (See QAPP).

e

e

L L

(2
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SECTION 5 - SAMPLE CUSTODY

5.01 General

Sample custody procedures for this project will be in strict
conformance with the procedures detailed in NEIC Policies and
Procedures (EPA-3309-78-001-R). These procedures were established to
4 comply with EPA requirements for sample controi. They are documented

in Attachment 4 to this QAPP.

e All samples collected for analysis will be taken by chemists,
. physical science technicians, or other qualified personnel designated by

O'Brien & Gere with specific instructions from the Project Manager.
ol The FWS will take duplicate samples at a ratio of 1:10 for QA/QC

purposes. All samples for residue analysis will be placed in the
- custody of the analytical chemist responsible for the analysis. The
sample information will be recorded on the same report sheets if
analyzed immediately. Stored sample (including archive portions) will
i be catalogued and stored may be audited by the QA Officer.
Subsequent to approval of the conceptual design (Task 15), these

archived samples will be returned to CONWR for disposal consistent with

the remedial action plan.

» 5.02 Chain of Custody Procedures

The consequences of an wuncontrolled hazardous waste site
investigation are difficult to predict. There is a possibility that several
years after the RI/FS is complete there will be litigation. For that
reason, it is imperative that an accurate record be maintained and

v documented of sample collection, transport, analysis and disposal.

LL LT
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Therefore, chain of custody procedures are instituted and followed
- throughout the study.

Chain of custody procedures include field custody, Ilaboratory
el custody, and evidence files. Samples are physical evidence and should
‘ be handled according to procedural safeguards. The project
) coordinator must be prepared to produce documentation that traces the
o samples frorn the field to the laboratory and through the analysis. The

National Enforcement Investigation Center (NEIC) of the U.S. EPA

defines custody of evidence in the following ways:

- In actual physical possession
W

In view after being in physical possession

Vi In a locked repository

- In a secure, restricted area

. Chain of custody records begin in the fieild when sample collection

" has been completed. See Figure "Chain of Custody Form" for a typical

arrangement of the paper samplers use to complete their field logs. On

" that form, they note meteorological data, equipment employed during

collection, evacuation techniques and any calculations, physical

characteristics of samples, date, time of day and location, any
abnormalities during sampling.

The sampler completes the custody form, packages the samples

— including the custody form, and seals the package with evidence tape.

Shipment may be made by commercial vendors, and their policy is to

document the transfer of the package within their organization.

Therefore, when the sample arrives at the laboratory, the sample

W (¥
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custodian signs the vendors air bill or bill of lading. The sample
wmar custodian's duties and responsibilities upon sample receipt are:
- Document receipt of samples.
- - Inspect sample shipping containers for presence or absence of
— custody seals, locks, evidence tape, container integrity.

- Record condition of shipping and sample containers in logs.
—-— . - Sign appropriate forms or documents.

- Verify and record agreement or disagreement of information
on sample documents. If there is discrepancy, record the
problem and notify the project officer.

- Label sample with laboratory sample number.

i - Place samples in storage, including secure storage, if
appropriate.

" The hand-to-hand custody of samples in the laboratory is
maintained through preparation and analysis. The analyst is required
to log samples into and from secure storage as the analysis proceeds.
o Samples are returned to secure storage at the close of business. Log
sheets incorporate options for multiple entries, because several people
handle the samples throughout the analytical scheme. See Figure,
"Chain of Custody Form for Analysis." |

The laboratory records may also be used as evidence in
enforcement proceedings, therefore care must be exercised to properly
complete, date and sign items needed to generate data. Copies of the
following items are stored:

- Documentation of the preparation and analysis of samples,

Wahin

including copies of the analyst's notebooks.
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- Bench sheets, graphs, computer printouts, chromatographic
s outputs, mass spectral outputs.
- Copies of all QA/QC data.
" - Instrument logs showing date, time and analyst.
- Analytical tracking forms which record date, time, and
analyst for each step of sample preparation and analysis.

e . Upon completion of analysis, the project officer or his assignee

should commence assimilating all the field and laboratory notes. It is

o it
they who generate the evidence file for the project. The package is
e arranged in chronological order for ease of review. When all the
information is gathered, the package is inventoried, numbered and
v stored for future reference. The document inventory list is illustrated
in the following Table:
I
N DOCUMENT CONTROL NO. OF
NUMBER TYPE PAGES
11111 Project file inventory sheets 1
. 1111-2 Field notes 30
1111-3 Chain-of-custody records 7
1111-4 Shipping manifests 27
il 1111-5 Sample log-in sheets b0
1111-6 Sample control records 40
1111-7 Sample tickets : 500
, 1111-8 Sample traffic reports 127
1111-9 Analytical traffic reports 127
1111-10 Analytical data summary 10
1111-11 Sample #2 20
= 1111-12 Sample #3 20
1111-62 Sample #50 20
1111-63 Lab notebook pages 37
1111-64 Bench sheets 50
1111-65 Instrument log pages 13
1111-66 Copies of mass spectral data, 43

graphs, chromatograms
1111-67 Related correspondence 4
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SECTION 6 - EQUIPMENT CALIBRATION

6.01 Calibration Procedures

Equipment Calibration, References and Frequency

All field equipment used during this project will be calibrated
and operated in accordance with manufacturer's instructions. Any
field equipment used during this project that is not covered by the
investigator's standard operating procedures will have a specific
calibration and operation instruction sheet prepared for it.

A. General
Standards may be generally grouped into two
classifications: primary and secondary. Primary standards
include USP and NE drugs, NBS and ASTM materials, and
certain designated EPA reference materials. All  other

standards are to be considered secondary.

B. Testing

1. Primary: No testing is necessary. Do not use if there is
any physical indication of contamination or decomposition
(i.e. partially discolored, etc'.).

2. Secondary: Examine when first received either by
comparison to an existing primary, or comparing known
physical properties to literature values.. The less stable
standards will be rechecked at appropriate intervals,

usually six months to one year.
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C. Records

1.

Equipment

A. General

1.

Section No: 6
Revision No: 1
Date: May 27, 1986
Page 2 of 3

A records book will be maintained for each grouping of

standards (i.e. pesticides, metals, etc.)

The record kept for each standard will include:

a.

b.

g.

Name and date received

Source

Code or lot number

Purity

Testing data including all raw work and caiculations
Special storage requirements

Storage location

These records will be checked periodically as part of the

Laboratory Controls Review,

Each major piece of analytical laboratory instrumentation

used on this project is documented and on file with the

analytical laboratory.

A form is prepared for each new purchase and old forms

will be discarded when the instrument is replaced.
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B. Testing
. - 1. Each form details both preventative maintenance activities

and the required QA testing and monitoring.
2. In the event the instrument does not perform within the
» limits specified on the monitoring form, the Laboratory
Manager will be notified and a decision made as to what
. action to take.

3. If repair is deemed necessary, an "out of order" sign

will be placed in the instrument until repairs are

a effected.
el 6.02 Calibration Records
A bound notebook will be kept with each instrument, requiring
(2R}
calibration, to record all activities associated with a maintained, QA
- monitoring and repairs program. Additionally, these records will be

checked during periodic equipment review.

il vl
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SECTION 7 - ANALYTICAL PROCEDURES

7.01 Laboratory Analytical Procedures

The

analysis and methods detection limits for standard CLP

procedures are given in Table 10 [see Section 3.04).

The methods associated with:

Volatile organics in water

Volatile organic screens in soil and sediment

Semi-volatile FID scans of water and soil samples

Organo chlorine pesticides and PCBs in water and soil samples

are attached to the end of this section.

Additionally, the laboratory analyzed a variety of matrices for a

number of different environmental constituents of concern. Therefore,

several documents are referenced which include the procedures

employed.

1.

The following list itemizes the most widely used documents.
Standard Methods for the Examination of Water and Wastewater
Methods for Chemical Analysis of Water and Wastewater
ASTM Annual Book of Standards
Code of Federal Regulations
NleH Manual of Analytical Methods
Test Methods for Evaluating Soil Waste, Physical/Chemical

Methods

When analyzing samples by the above standardized methods, the

accuracy

or precision of the data generated by the Ilaboratory is

determined through analysis of replicates, spiked samples, synthetic



Table 1) Page 1 of 36
ANALYTICAL METHOD: WATER
ACID EXTRACTARLES

DETECTION DETECTION DETECTION
CHEMICAL LO1=0IND METHOD 1 LIMIT 1 METHOD 2 LIMIT & METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIRITS
(t0) ppb (GE/MS) ppb (CLR) ppb
SEE BELUW SEE BELOMW SEE BELOW
2y by b-trichlaraplerol b4 10 b2G 10 WA 85-177 10 " " u
2y A-dichlomcphenol B4 10 623 10 WR 85-177 10 0 " "
2y b-dimathy L phancd 04 10 625 10 WA B85-177 10 " " "
gy b=diratraghenol bl 50 625 50 WA B5-177 50 " . “
2-chlaraphera, a4 10 625 10 WA 85-177 10 " " u
Z-fluorophera: 604 10 625 10 WA BS-177 10 " " "
e-pethyl-4 E-linttrophenol 604 20 63 20 WA B3-177 S0 " " "
&-nitrophere | Gt 20 Bes 20 WA BS-177 10 " u "
4-chloro-3-retaylphenc B4 10 623 10 WA 85-177 10 u 0 "
4-nitrophen| frit 50 625 50 WA B5-177 50 " " "
ficyd Eutractanle Scre:m: " u "
pentachleroihenol B 50 675 0 WA 85-177 50 » " "
pentafiucraphiang] a4 o0 b2 20 WA B3-177 S0 " o "
phenc Bt 10 625 10 WA 85-177 10 " " "

Reviterd c8 May 86



Table 10 Page 2 of 36
ANALYTICAL METHOD: WATER

BASE. /NEUTRALS
DETECTION DETECTION DETECTION
CHEM] DAL COMEOUND METHOD 1 LIMIT § METHOD & LIMIT 2 METHOD 3 LIMIT 3 AUDI T FREQUENCY  CONTROL LINMITH
(i) ppb (GC/MS) ppb (CLP) ppb
SEE HELOW SEE BELOW SEE BELOM
ey 4-trich lor obemzong 612 10 625 10 Wh 85-177 10 " . .
1, e-chichlor abenzene 02 10 625 10 WA B85-177 10 " " v
[y 2-diphery [hydrazine - - 623 < WA 85-177 10 » " »
1, 3-dichlor coenzene 602 10 625 10 WA B3-177 10 " " v
1, 4-dichlor abenzene 602 10 6235 10 WA B5-177 10 " u u
gya-divitrctoluensy b(9 10 625 10 WA BS-177 10 " " "
2, b-dinitrcbaluens 609 10 br'd 10 WA B83-177 10 " " "
e-chloronaptitt ilens bi2 10 623 10 WA B3-177 10 ' " "
3y 3-dichbovooenzidie 603 30 623 20 WA 85-177 10 ' " »
4-hromopheny) pheny | ether 611 10 625 10 WA B85-177 10 " » "
4-chloropheny] phen/l ether 611 10 625 10 WA 83-177 10 ’ o "
acenaphthal ene 610 10 623 10 WA B3-177 10 ! " "
acenaphithane 610 10 623 10 Wh 85-177 10 b " u
anthracens b1 10 B25 10 WA BS-177 10 " u v
Base/Nuut “al fereen u u »
benzidine 603 50 625 50 WA 85-177 10 v " "
benzo{ulathricene 612 10 625 10 WA 83-177 10 " ! "
benzo(u)pyrene 610 10 623 10 WR 85-177 10 v " "
benzo (b flucrenthen: 610 10 625 10 WA 85-177 10 u v "
berzafy, h 1) perylen: 510 20 625 20 WA B5-177 10 » » "
benzo (k) fluorinthen: 610 10 625 10 WA 85-177 10 " " b
biz (Z-chlorcelhony) sebbare 611 10 b5 10 WA 85-177 10 o " “
bis (@-hloroethyl} sther all 10 623 10 WA 85-177 10 b " "
bistZ-rhloroasapropyl) ether bl 10 625 10 WA 85-177 10 " " u
bis(i-sthylheiyliphthalate  BOE 10 623 10 WA 85-177 10 “ " v
butyl berzyi pothalate bUE 10 62 10 WA B85-177 10 " " u
chrysena E1C 10 625 10 WA 85-177 10 " v "
di~r-bubylahthalite E0E. 10 625 10 WA B3-177 10 " " "
di~n-ootyl phnajate 60E. 10 62 10 WA 83-177 1a . v "
dibenzola, nathracens 610 20 629 20 WA B3-177 10 " v “

Reviced £8 may 84



CHEMICAL COMPOUND

Table 10 Pane 3 of 36
ANALYTICAL METHOD: WATER
BASt /NEUTRALS

diethy! phthal:zte
dimethy| phthalate
fluorarthere

fluorere

hexachl srotenzene
hexachlsrabutac iere
hexachlaroeyelcpentidiene
hexachlaroethare

inderotl, iy 3-e,d) pyr ere
isophor o
N-nitrosodi-n-propy. amimwe
N-nitrosotdineth ylam:
N-mtrosodipherylam: ne
naphthe lene

nitrobenzeng

pheniant hrine

pyrene

Revisee 2l Moy 86

DETECTION DETECTION DETECTION
MEHOD 1 LIMIT | METHOD 2 LIMIT 2 METHDD 3 LIMIT 3 AUDIT FREGUENCY  CONTROL LIMITS
600 10 623 10 WA 85-177 10 ' ! !
(AU 10 625 10 WA 83-171 10 " ! !
610 10 625 10 WA 85-177 10 y ! !
b1n 10 X 10 WA 83-177 10 " ! !
612 10 623 10 WA 85-177 10 ' " !
612 10 625 10 WA 85-177 10 " " "
6132 10 629 10 WA B5-177 10 ! " !
612 10 625 10 WA B3-177 10 " ! *
610 20 625 20 WA 85-177 10 ‘ " !
b 10 625 10 WA 83-177 10 . y !
607 e0 625 0 WA 83-177 10 ! " !
60/’ 20 625 30 WA 85-177 10 ! ! !
607 20 625 20 WA 83-177 10 " * "
b1 10 25 10 WA 85-177 10 " ! "
603 10 23 10 WA 83-1771 10 " * "
610 10 625 10 WA 85-177 10 ! ! "
610 10 29 10 WA 85-177 10 ! ! "



Table 1(: Fage 4 of 36
ANALYTICAL METHOD: WATER

DIOX INS/FURANS
DETECTION DETECTION DETECTION
CHEMICAL (M3DUND METHOD 1 LIMIT 1 METHOD 2 LIMI} 2 METHOD 3 LIMIT 3 AUIN T FREGUENCY  CONTROL LIMITS
ppb ppt ppb
SEE BELOW SEE BELOW SEE BELOW

tetra-(0D SEENOTE 9 2 : o »
tetra-(IF SEE NOTE9 ¢ i " "
penta-(1D SEENOTE9 2 ' " .
peritea-{ [F SEE NOTE9 2 e 0 0
hexa-{ID SEE NOTE9 2 ' y "
hexa-GhF SEE NDTE9 2 " y "
hepta-( LD SEE NOTE 9 20 " " "
hepta-(F SEE NOTE 9 20 " " "
octa~-Cin SEE NOTE9 20 ! " .
octa-LIf SEE NOTE 9 200 " " .

NOTE 9 - Leterwinabion od Parts-per-Trillion levels of polychlorinated Dibenzolfuran ard dioxinsin ervironmental samples, Swith . M.,
Jetbmeon JoCoy Aralytic Chemistry 1984, 36, 1830-1842, September 1984,

Reviczel 2 My Bf:



Table 10 Fage § of 36
ANALYTICHL METHOD: WATER

PESTICIDES/PLES
DETECTION DETECTION DETECTION
CHEMICAL COMEOUND METIHOD 1 LIMIT 1 METHOD 2 LIMIT & METHOD 3  LIMIT 3 AU T FREBUENCY  LCONTROL LIMITG
(132 ppb (GE/MS) ppb {CLP) ppb
SEE BELOW SEE BELOW SEE BELOMW
4,4 DL 608 0.1 623 10 WA 85-177 10 : . .
4 &' -DLE B01 0.1 629 10 WA B3-177 10 ' " "
4,4'-DDT 601 0.1 629 10 WA 85-177 10 ' " ‘
aldrin 60 .05 23 10 WA B3-177 10 ‘ " "
Aracior 1016 €04 3 62D 10 WA 83-177 10 i " ‘
Aroclor 12t 6013 .9 625 10 WA 85-177 10 " " "
Aroclor 1232 £01 ] b2 10 WA 85-177 10 : b !
Aroclor 1643 &0 3 625 10 WA 85-177 10 g " !
Aroclor 1048 €1 .3 25 10 WA 83-177 10 ' " .
Arcclor 18590 601 1 625 10 WA B83-177 10 " y !
Arcclor 1060 60R 1 b2 10 WA 85-177 10 " * “
chloriare 60 .5 62 10 WA B5-177 10 ! ! !
dielarin £00 1 623 10 WA 83-177 10 ' " !
endogul Fan | () .09 b2 10 WA B3-177 10 ! . !
endosul far I €04 1 62 10 WA B5-177 10 " . !
endosul fan sulfate B4 1 62D 10 WA 85-177 10 ! " "
endrin £00 { 623 10 WA 85-177 10 " " !
endrin aldehvde (20 1 625 10 WA 85-177 10 " N !
endrin keytong 01 1 623 10 WA 83-177 10 " " "
heptact lor £} 05 625 10 WA B5-177 10 " ! "
heptact lor rpoxide £01) .05 623 10 WA 83-177 10 " ! !
wethowych:or 601 .5 625 10 WA B5-177 10 " ! !
toxaphere €08 { 625 10 WA 85-177 10 " " “
B-RHL o) .05 625 10 WR B3-177 10 " " !
T-hHL (1 ndane) 601 .05 623 10 W 83-177 10 " " "
a-bH f:00 05 b5 10 WA B3-177 10 " " "

Revisec 26 May B



Table 10 Page 6 of 3
ANALYTICAL METHOD: WATER

VOLATILES
DETECTION DETECTION DETECTION
CHEMIIZAL. [1IM-OUND METHDD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LImITS
{16) ppb {GC/MS) ppb {CLP) pphb
SEE BELOW SEE BELOW SEE BELOW
f,1, 1-trichlorcethae ] { 624 10 WA 83-177 10 ' " !
L1, e, -tetract lororthane 601 1 624 10 WA B85-177 10 " " ¢
t, 1, &-trichlorcethane 601 1 624 10 WA 85-177 10 " y "
4, 1-dichlercett are 601 1 624 10 WR B3-177 10 " ! "
1, I-dictlorcettere 601 1 b4 10 WA 85-177 10 ! " ’
fye-dichlorciropa e 601 i 624 10 WA B3-177 10 ! " "
2-bromc-1-chlcropropane 601 1 bk 10 WA 853-177 10 " " !
2-hut anon 602 10 6ch 10 WA B5~-177 10 " " N
2-chloroestylyinyl nbner 601 10 624 10 WA 83-177 10 ! . ’
c-hexaroniy 62 10 624 10 WH 85-177 10 ! " "
§-methn )= peyd anom: B2 10 624 10 WA 85-177 10 ' ) "
aceton B0t 10 624 50 Wh 83-177 10 ! " "
benzem: B2 | 624 10 WH 85~-177 10 ' " "
bromochLoronet hane B0t 1 624 10 WA 85-177 10 . " "
bromod: chlormethan: 601 | 624 10 WA 85177 10 " " *
browofore ROL 10 624 10 Wh 85-177 10 " " "
bromowt b are: 601 10 624 bl WA 85-177 10 “ “ “
c-1, 3-laen) eeoprope e =0 1 624 10 WA BS-177 10 ! " !
carbon ftelract orid: a1 1 624 10 WA 83177 10 " " "
chlorobenieng 62 1 624 10 WA 85-177 10 " " "
chlororthane =0) 10 624 5 WA 83-177 10 . " "
chlorofarn 601 1 624 10 WA 85-177 0 " “ "
chloranathine B(11 10 624 5 WA 85-177 10 . “ "
dibromischlovapathane B | 624 10 WA 85-177 10 " " "
dicklorodi i aromet hane £01 | 624 1¢ WA 85-177 10 " " "
ethyl nberzana Oz 1 b4 10 WA 85-177 10 " " !
metbylene b lorice e 1 624 10 WA 85-177 10 Y ! y
t-lyb=tracals-oethene 0] 1 624 10 WA 85-177 {0 " " !
t-1, 3-dichloropropene &0l | b4 10 WA 85-177 10 " " "
tetracnlor et wene b 1 b24 10 WR B3-177 10 " " !

Revised o8 May 86



Table 10 Page 7 of 36
ANALYTICAL METHOD: WATER

VOLATILES
DETECTION DETECTION DETECTION
CHEMICAL COMFOUND METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMITS
toluene 602 1 624 10 WA B5-177 10 ; " '
total »ylenes 6ol 1 624 10 WA 85-177 10 " . N
trichloropthens 601 | 624 10 WA B5-177 10 ‘ ! !
trichloro! hugromeshi ng (i 1 624 10 WR B3-177 10 " ! !
vinyl scetabs 624 10 WA 85-177 10 " " .
vinyl chloride £01 1 24 10 WA 85-177 10 ! " !

Revize! 23 May 8t



CHEMILAL CrmiDUsD

amimeniad rteogan
cyaride

nitrate + niirite as N
nitrate nitrogan
percent sclids

pH

specitin conduztance
total kjeldahl nitrcgen
total crganic -arhor
total crganie nalides
total phosphorus

Table 10 Page 8 of 36
ANALYTICAL METHOD: WATER
WET CHEMISTRY

DETECTION DETECTION DETECTION

METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMIVS
i ppb ppb ppb
SEE BELOW SEE BELOW SEE BELOW

350.1 10 " " .
KK 50 " " "
3531 10 u " "
01 10 v " "
160, 3 0.1 n " "
150, 1 0.1 u u "
12,1 0.1 " u "
50,2 100 " u "
41551 1000 v " "
451), | 10 ' " '
365, 4 10 ' " ;

£ ~ Methots Reference: Zf-600/4-79-020 "Methods for Chemical Analysis of Water and Waste Waters”

Revize! 28 Mav 8t



Table 10 Page 3 of 36
ANALYTICAL METHOD: WATER

METALS
DETECTION DETECTION DETECTION
CHEMICAL  LOMZ0UND METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LINMIT 3 AURIY FREQUENEY  CONTROL LIMITS
¥ ppb ppb ppb
SEE HELOW SEE BELOW 5EE RELOW
aluminus 01 100 1cp 50 ' " !
ant imory 0, § 100 ICp 100 ' " '
arsaEnic 0B, 2 i Icp 100 ' " !
barium 208, 1 100 1cp 3 " ! "
beryl lium i 1 10 1cp 3 ! " ‘
cadini g1 2 10 ICP 3 " " °
raleium 211 50 ICk 1000 ! y "
chrog i uu 21l 1 10 1Ep 10 ! " "
cobaly 131 50 ICp 40 " " "
Copper o0 1 10 ICP 10 " " "
iron &3n. 1 10 cp 200 " " "
lead 2391 1G 1ep 100 " g "
nagnes1um o821 10 1cp 1000 " " .
mangane se 2431 10 1Cp ¢ " " "
wercury (cold vapor! 2 | 0.5 AA 1 " ) y
mol yhie rum &hn, 1 100 1cp 30 " g "
nickel a4 1 10 Icp 20 i " "
pot as;51uR &ad 4 10 AR 1000 " " "
selenium &nd. 2 1 ICP 200 " ! "
silver 2121 10 Icp i¢ ! ’ "
sodiu 2731 10 Icp 1000 o " “
tin N 500 ICp 100 ! " "
titanium c83 1000 I1Cp 10 . v “
vanadivn 286, 1 1000 ICP 10 ! " "
zine 89 10 ICP 10 ' " "

¥ - Methode reverence: AGHL by direct aspiration or A.A. furnace, EPA-600/4-79-220 "Method for Chemical Analysis of Water and Waste Water!

Revised 24 May 86



Table 10 Page 10 of 3
ANALYTICAL METHOD: SOIL/SEDIMINT
ACID EXTRACTARLES

DETECTION QETECTION DETECTION
CHEMIVAL CDMEYUND METHOD 1§ LIMIT § METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AuDIT FREQUENCY ~ CONTROL LIMITS
6o ppb (GE/MS) ppb cLp ppb
SEE BELOW SEE BELOW  SEE BELOW
2y &y -ty vk lororhenc] 604 330 625 330 WA 85-177 330 ! ! "
2, 4-dychlor opheqol B4 330 623 330 WA 85-177 30 ! ! "
2y 4~dimethy e ol 604 330 23 430 WA 83-177 330 " " "
2y b-dinitrophemsl b04 1650 b2d 1650 WA B3-177 1600 : “ v
c-chloroshen! 604 330 623 330 WA 85-177 330 y ! !
2-fluoropher] b4 330 623 330 WA 85-177 330 ! ! "
2-methyl- by 0-giv: broplienol 04 660 623 660 WA 85-177 1n00 ‘ " "
2-nitrophen:) £04 660 625 660 WA B5-177 330 " . “
4~chioro- i-ueshylphenod 604 330 623 330 WA 85-177 330 g " !
f-nitropbenod £04 1650 625 1650 WA 85-177 1600 " " "
Acid Extractable Sereen ! ! !
pentachlorophznal =04 1650 625 1650 WA 85-177 1E00 " " !
pentafluorophsra! h4 660 625 660 WA 85-177 1600 " “ "
phenol 604 330 623 330 HR B3-177 330 ! ! "

Revised 29 “ay #h



Table 10 Fage 1t of 3
ANALYTICAL MCTHOD: SOIL/SEDINENT
BASE/NEUTRALS

DETECTIDN DETECTION DETECTION
CHEM i CAL LOMPOUND METHOD 1 LIMIT § METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMITS
{6C) ppb {BC/MS) ppb {CLF) ppb
SEE B-LOW SEE BELOW  SEE BHLOW
1,2, 4=richlorobenz ane ald 330 69 330 WA B85-177 330 v v u
i, e-dirhlmrobenzene B¢ 330 25 330 Wo 85-177 330 " ] n
1, 2-dishenylbydrazie - - 623 660 WA 83-177 330 " u "
1, I=dichlorobenzene o2 330 29 330 WA B3-177 330 “ “ "
1, 4-dichlorobenzene a2 330 623 330 WA 83-177 330 " ! !
2yb-dinitrolol teve 69 330 625 330 WA B5-177 330 " b "
2, t-dinitrotol seve 609 330 623 330 WA 85-177 330 " " u
g-chloronaphthalene ble 330 623 330 WA 85-177 330 L v v
3, 3-dichlorobenzidi e &3 1650 23 1650 WR 85-177 330 " u "
4-browophenyl shenyl ether Bl 330 625 330 WA 85-177 330 " " u
§-chlorophumv. phenyl ether 611 330 623 330 WA B3-177 330 " u "
acenapithaiene BiC 330 620 330 WA 83-177 330 " " "
acenapnthera BiC 330 29 330 WA 83-177 330 " u u
anthraieng Bi( 330 623 330 WA B3-177 330 " v "
Base/Nautral Hrreen “ " "
benzid:re BuC 1650 b5 1650 WA 85-177 330 . u "
benzo(4)anthracere BiC 330 623 330 WA 83-177 330 " " "
benza G pyrene B 330 625 330 WA 85-177 330 " " "
benzo (3) f luarastl ens g1 330 623 330 WA 85-177 330 " " u
benzo Gy, h, 1 lperylens 10 660 625 660 WA 85-177 330 u " "
benza (k) f Liorastheny &1( 330 623 330 WA 85-177 330 " " "
bis(d-chlorceiory) wethane  E11 330 b3 330 WA B5-177 330 v o "
big{c-xhlor ey} pther 611 330 623 330 WA 83-177 330 " v u
bistd-rhlo~oisepropyl) ethes 611 330 625 330 WA B5-177 330 . " u
bisid-wthylneyliphtha ate 606 330 620 330 WA 85-177 330 " " "
butyl berzyl 3hthalate B 330 623 330 WA 85-177 330 ’ o u
chrysene 6.0 330 625 330 WA 85-177 330 ‘ " "
di-n-butylphtalate bib 330 625 330 WA B5-177 330 " u v
di-n-catyl phthaate bty 330 b2 330 WA 85-177 330 " " "
dibenzole, nla-thracens 610 660 625 £60 WA B5-177 330 ’ " "

Revised ¢8 May 8b



Table 10 fage {2 of 3
ANALYTICAL METHOD: SOIL/SEDIMENT

BASE /NEUTRALS
DETECTION DETECTION DETECTION
CHEMICAL CIOMS0UND ME THOD LIMIT | METHOD 2 LMD 2 METHOD 3 LIMIT 3 AUDIT FREGUENCY  CONTROL LIMIFS
diethyl phtnalate (U 330 629 330 WA 85-177 330 ‘ " "
diwethy ! phthalate €04, 330 625 330 WA B3-177 330 ! " !
fluorarthene €10 330 625 330 WA 85-177 330 * " "
fluorers 33 330 625 330 WA B85-177 330 " ! "
hexachlorcbanz :ne €1 330 625 330 WA 85-177 330 ! . "
hexachlorcbulaiiene €1 330 623 330 WA 85-177 330 5 " !
hexachlorcoyil spenti disne &1 330 625 330 WA 85-177 330 " “ "
hexachlorcekhare €1 330 625 330 WA B5-177 330 ' b "
indeno(l, &y 3o, d) pyr ene &1 660 629 6E0 WA 85-177 330 " ! "
1scphor one €04 330 625 330 WA 85-177 330 ! " !
N-nitrosoni -n-propyl anie 607 660 29 660 WA B85-177 330 : " 8
N-niitrcsodinettylam: ne 607 1650 623 1650 WA B5-177 330 ) " !
N-nitresodipherylam: ne 607 660 625 660 WA 85-177 330 " ! !
haphth: lene b1 330 623 330 WA B5-177 330 " " "
nitrabenzeng 6019 330 625 330 WA 83-177 330 " " !
pherant hreng BiD 330 625 330 WA B5-177 330 ’ " "
pyrere g1 330 623 330 WA 83-177 330 " s '

Reviser 2 May B6



Table 10 Fage 13 of 3
ANALYTICAL METHOD: SOIL/SEDIMENT

DIOAINS/FURANS
DETECTION DETECTION DETECTION
CHEMICA. COMPDUND METHOD 1 LIMIT | METHOD 2 LIMIT @  METHOD 3 LIMIT 3 AUDIT  FREGUENCY  CONTROL LIMITS
ppb ppt ppb
SEE BELOW SEE BELOW  SEE BELOW

tetra-iDD SEE NDTE 5 20 g u "
tetra- IF SEE MOTE S 20 " " "
perta= DD SEE NOTE S &0 . "
pert s-1 DF SEE NOTE 5 20 " " "
hexa-Cl SEE NOTE 5 20 v " "
hexa-ClIF SEE NOTE 5 20 " " "
hepta- DD SEE NOTE 5 200 " u "
hepta- SEE NOTE 5 200 " g "
octa-Co SEE NDTE 5 200 " u "
octa-Cif SEE NOTE 5 200 . u "

NOTE 5 Refermsce Columbia Matioral Fisheries Research lab procedure copy in original scope of services,

Reviteil 2 Ma, B



Table 10 Fage 14 of 36
ANALYTICAL METHOD: SOIL/SEDIMENT

EXPLOSIVES
DETECTION DETE(TION DETECTION
CHEAICAL CONFOUND METHOD 1 LIMIT | METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMITS
ppb ppb ppb
1,3 DN SEE NOTE &6 500
1,3,5 "NB SEE NOTE &6 500
2,4 N SEE NDTE & 500
254,56 “NT SEE NOTE & 500
2,6 IV SEE NOTE &6 500
HMX SEE NOTE 6 500
NB SEE NOTE 6 300
RDX SEE NOTE 6 500
tetryl SEE NOTE 6 500

NOTE B ~ JONTHAWA M:thed 20 Cyclotrimethylenetrinitriteanine (RDX) i1n soil and sediment samples, 12/8/80.

Revised 8 May B



Table 10 Page 15 of 36

ANALYTICAL METHOD: SOIL/SEDIMENT

WETALS
DETECTION DETELTION DETECTION
CHEM) A CorEPOUND METHOD 1 LIMIT | METHDD 2 LIMIT 2 METHOD 3 LIMIT 3 AU T FREGUENCY  LCONTRO. LIMITS
t ppb ppb ppb
SEE BELOW SEE BELOW  SEE BELOW
aluminum 2021 10000 1cp 5000 . " .
ard imony 2041 10000 1Cp 10000 " " '
arsenit 2002 100 ICR 10000 " " "
barius 208.1 10000 1Cp 00 " " "
beryllium 210.1 1000 Icp 500 v " "
cadumi up 213.2 1000 {HY 500 " " "
calcium 2135.1 95000 ice 100000 o " "
chromivi 2181 1000 1cp 1000 . " "
cobalt 13,1 000 ICP 4000 » " v
CoppRr 2201 1000 Icp 1000 " ! !
iron 23b. 4 1000 1Cp 20000 " " "
lead 239, 1 1000 1cp 10000 " "
magnes s um 42,1 1000 1cp 100000 ! " "
Mangane se 43,1 1000 icp 1000 ! " "
gercury {ecld vapar 243.5 30 AR 10 " " ‘
wolybyde ru 45,1 10000 Icp 3000 ’ " "
nickel 2491 1000 Icp 2000 ¢ ! .
potass: um 2eB8.1 1000 fAn 100000 " " i
seleriti 2102 100 1cp 20000 . " .
silvenr 2121 1000 Ice 1000 " " “
sodius 2131 1000 ICp 100000 " " "
tin 82,1 50600 1cp 10000 " y "
titanium 2831 100000 ice 1000 . . "

Revized 29 May 8t



Table 10 Fage 16 of 3b
ANALYTICAL METHOD: SOIL/SEDIMENT

METALS
DETECTION DETECTION DETECTION
CHEMICAL COM-0uND METHOD 1 LIMIT | METHOD 2 LI & METHOD 3 LIMIT 3 AUDIT FREGUENCY  CUNTHOL LIaITS
vanad i | 100000 ICP 1000 " " "
zing 84,1 1000 Icp 1000 " " »

¥ - lletheds Rafererce: A A. by d.rect aspiration or A.A. furnace, EFA-600/4-79-020 "Mehtod far Chemical Analysic of Water and Waste"
feference Test Methods for fvaluating Solid Waste, EPR SW 846, Section 3050 (Revised 4/84).
Prozedire - HL final refjux for furnace, Sb, Sn
HCL funal red ux for flawe, Rl, Sb, Ba, Ca, Cdy Cr, Cc, Cu, Fe, Pb, Mg, Ni, K, Ao, Na, T1, Sn, V, In
HNU; final riflux for furnace metals As, Be, Cd, Cr, (o, Cu, Fe, Pb, Mn, Ni, Se, Ag, Ti, V, In

Revised 2t iy B6



Table 10 Fage 17 of 3

ANARLYTICAL Mt.THOD: SOIL/SEDIMENT
FESTICIDES/FCEs

DETECTION DETEL.TION DETECTION
CHEMI CAL - COwPOUND METHOD | LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUD LT FREGUENCY  CONTROL LIMITS
(G2) ppb (GC/MS) ppb {CLP) ppb
SEE BELOW SEE BELOW SEE BELOW
4,4 DI 608 4 625 330 WA 85-177 16 . " !
4, 4% -DLE 608 4 629 330 Wh 85-177 16 . " »
b4 -DOT 604 4 625 330 WA 85-177 16 " " "
aldrin 668 a 625 330 WA 85-17" & Y " g
firoclor 1015 608 17 623 330 WA 85-17" 80 . " "
Aroclor 1icl t08 17 629 330 WA 85-177 80 . “ "
Aroclor 176z H08 17 629 330 Wh B85-17) B0 8 "
Araclor Lidg (] 17 625 330 WA 85-177 80 8 " !
fAroclor 1046 608 17 625 330 WA 85-177 80 " " "
Arccior LG4 h08 33 629 330 WA B5-177 160 ! "
Arocla 1260 608 33 623 330 WA 85-177 160 " " "
chlordine (03 17 629 330 WA B3-177 B0 " "
dieldr.n 604 33 623 330 WA 85-177 16 . " "
endosd) fan | ] 2 629 330 WR B5-177 8 . " "
endosia: fan 11 608 33 623 330 Wh 83-177 16 ' " "
endosa: fan sultfate g} 33 625 330 WA B3-177 16 " " "
endrin 648 33 623 330 Wh 83-177 16 " "
erdrin alileryce b8 33 625 330 WA B5-177 16 " " "
endrin keytone 608 33 623 330 Wi 83-177 16 " " "
heptachlo: (L] 2 Bao 330 WA B3-177 8 * " "
heptachlo~ eponide H08 2 629 330 WA 85-177 8 " " "
methoxvchior h(8 17 625 330 WA B3-177 8O » " "
toxaphene 608 33 625 33¢ WA 85-177 160 " " "
B-EHL p(8 2 625 330 Wi B5-177 8 " "
T-BHC  (Lindare) 608 2 625 330 WA 85-177 8 . u "
a-FHE ROY 2 625 330 WA 85-177 8 " n "

Revise 23 May 8t



Table 1) Fage 18 of 3
ANALYTICAL METHOD: SOIL/SEDIMENT

VOLATILES
DETECTION DETELCTION DETECFION
CHEMICAL LHS20LND METHOD | LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMITS
iEC) ppb {BC/M3) ppb (LM ppb
SEE BELOW SEE BELOW  S2B BELOW
4,1, 1-trichioroethase b1 i 624 HY WA B3-177 10 u " "
1, 1,8 tetrachlorozthane 861 1 b24 10 WA B5-177 10 o o o
1, L, 2-urichicroethane a1 1 624 10 WA 85-177 10 " " "
1, 1-dichloroet hare 101 1 624 10 WA B85-177 10 " " "
1, 1=dichlorost here a1 { 624 10 WA 83-177 10 " " n
1, 2-dichInromopane 61 1 624 10 Wi B3-177 10 " " i
2-brom -1 -chioropro jane a1 1 624 10 WA B85-177 10 u o “
2-tutanane Bl 10 624 100 WA 85-177 10 " u "
c-chlo~aebhylvinyl :ther 501 1 b4 10 WA 83-177 10 u o "
2-hexanone e 10 b24 100 WR B3-177 10 . " u
4-meth/1-2-peianons 10 624 100 Wi 85-177 10 " " "
aceturn. 601 10 b4 100 W 85-177 10 " " o
berzem: 62 i 624 10 Wi 83-177 10 " " "
braomoch losomet hane (St} 1 624 10 WR B5-177 10 " u "
bramod . chioronethan s 601 1 b4 10 WA 85-177 10 " u "
bromofora &1 10 624 10 WA BS-177 10 " u 0
bramoaithane £01 10 624 100 WA 85-177 10 u u »
o-1y 3-tien) oroprope e £01 ! b24 10 WA BS-177 10 " u "
carbon tetrach .orid: 601 1 624 10 WA 85-177 10 u » "
chloroheniene p(2 1 624 10 Wi B5-177 10 " 0 "
chlorouthane 601 10 624 100 WA 85-177 10 " u ..
chloro’ori 601 1 624 10 WA B5-177 10 " " "
chloromethare 601 10 624 100 WA 85-177 10 ! g "
difranoch oy omethin p(11 1 b4 10 WA 85-177 10 0 i "
dichlorod: ¥l ucromet 1ane 601 1 b24 10 WA 83-177 10 " o "
ethyl eniene £02 1 624 10 WA 85-177 10 0 " "
methyline chloride 601 1 b4 10 WA 85-177 10 " ’ “
t-1, - razhlioreethe e 501 1 624 10 Wi 85-177 10 " " v
t-1, d=ien oroprope e 0] 1 624 10 Wh 85-177 10 " n .
tetracisloroethene 01 1 624 10 Wi 85-177 10 u » “

Revised 23 May 86



Table 10 Page 13 of 36
ANALYTICAL M: THOD: SOIL/SEDIMENT

VOLATILES
DETECTION DETECTION DETECTION
CHEM: CAL COMPOUND METH0D 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIWIT 3 AUDIT FREQUENCY  CONTROL LIMITS
toluer 602 i 624 10 WR 85-177 10 " " "
total »yleres 601 i 624 10 WA B85-177V 10 " " "
trichlorost hiare 601 1 624 10 WA 83-177 10 " " "
trichlovolluar omethane 601 1 624 10 WA 85-177 10 . " "
vinyl 6c4 10 WA 85-177 10 " i "
vinyd chlovide 601 1 24 10 Wh 85-177 10 " " !

Revicer &3 itz B,



Table 10 Fage 20 of 3
ANALYTICAL METHOD: SOIL/SEDINENT
WET CHEMISTRY

DETECTION DETELTION DETECTION
CHEMICAL COMPOUND METHOD | LIMIT 1 METHOD 2 LIMIE 2 METHOD 3 LIMIT 3 AUDIT FREGUENCY  CONTRULL LIWMITS
¢ ppb ppb
SEE Bi:LOW GSEE BELDW  SEE HELOMW

amgonia nitroren 350, 1 1000 SEE NOTE 1 ' Y "
cation exchange capic.ty 9080 " " "
cyanide 333.2 5000 SEE NOTE 1 » " "
ritrate + nitr te as N 353.1 1000 oo Y " !
nitraty nitroren 350.1 1000 bowoo ‘ " Y
percent s} i 160.3 0.1 " " '
pH 150. 1 10 SEE NOTE 1 " " .
specif .o ocondietane: 120.1 10 SEE NOTE 1 " ¢ "
total hjelcan] nitrager 3.2 10000 SEE NOTE 2 .

total «rganin carbor 415.1 100000 SEE NOTE 1 . ! !
total wrganin halid:s 450.1 1000 SEE NOTE 3 " " !
total phosphorus 3€3. 4 1000 SEE NOTE 2 " " "

* - Matnod feferenci: EPR-E00/4-73-020 "Methods for Chemical fAnalysis of Water and Waste"

NOTE 1 SLUDEE/SDTI./BEDIMENT Rliguot are extracted with distilled deionized water for 24 hours and the superrant is analized by ine referenced
aCLECUs procedure

NOTE 2 ¢ porfaon of bhe BLUDGE/SOIL/SEDIMENT is subjected to the block iigester procedure referenced in aguecus procedure.

NOTE 3 14 :LLDGE/SIIL./SEDIMENT sample is extracted with ethyl acetate awd the extract 1s pyrolized for TOX.

Reviseil 24 May Bb



CHEMCA. COMPOUND

METHOD 1

DETECTION
LIMIT 1

METHOD 2

Table 10 Fage 21 of 36
ANALYTICAL METHOD: BIOTA
ACID EXTRACTARLES

DETECTION

LIMIf 2 METHOD 3

DETECTION
LIMIT 3

AUDIT

FREQUENCY

CONTROL LIWITS

2y 4, 6-mrizh]lorophen:l
2y A-dichlovoptenol

2y A-dinetny] ptencl

2y 4~diritrophenol
2-chloropnerio]

2-flum -opheno!

2-mefthy -4, 6-c in1tr aphencl
2-nitraphenol
4-chloro-3-nethylph ol
f-ritraphencd

Acid E«traclable Secreer
pertaciilarophinal
pentafiucraphiiol
phexnal

Revisied ¢8 May 8h

NOTE 12

Cd, P

SEE NOTE
SEE NOTE
SEE NOTE
SEE NOTE

SEE NOTE |
SEE NOTE

SEE NOTE
SEE NOTE
SEE NOTE
StE NOTE
SEE NOTE
SEE NDTE
SEE NOTE
SEE NOTE

b, - Flame
Hg - Cold Vapor

e i 3t gt e bm 2
FGre o TO RG FO PO FO MO PO PG O PO Fo

Sampling and Analysis Proceedures for Surveying of Fish for Pricrity Pollutabts USEFR June 1977
Metal Detection Limits are the same as for Scil/sediment
Detection Limits Organics - 350 pg./Kao.



Table 10 Page 22 of 36
ANALYTICAL METHOD: BIOTA

BASE /NEUTRALS
DETECTION DETE(TION BETECTION
CHEM: CAL O POLND METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDLT FREQUENCY ~ CONTROL LIMITG
SEE BELOW SEE BELOW SEE BELOW
2 4=t rivt lorobenzione SEE NOTE 12 u " "
Ly @-dihlor poenzene SEE NOTE 12 u " "
1, e-diphery lhydraziie SEE NOTE 12 " u "
I, 3-dichlorobenzene SEE NOTE 12 " u i
Lyd=dichlorcuenzene SEE NOTE 12 v u "
2y4-dimtrotaluene SEE NOTE 12 ' " "
2y b-dinitratoluens SEE NOTE 12 ' u "
2-chim onaphttalene SEE NOTE 12 ‘ " "
3y 3-dichlwrobenzidie SLE NOTE 12 L » u
4=bromophieny] pheny | ether SEE NDTE 12 " u “
4-chloropheny] phenid ether SEE NOTE 12 . " "
acenaphthal ene SEE NOTE 52 u " "
acenaplitheng SEE NOTE 12 " u u
anthra ena SEE NOTE 12 u " "
Base/Nputral fereen SEE NOTE &2 u u v
benz1d . ne SEE NOTE 12 " » -
benzo{ulan hirivene SEE NOTE 12 " " o
berzo(ul pyvene SEE NOTE 12 " " "
benzo (i Flucrenthen: SEE NOTE 12 v 0 "
bernzoly hy i) perylen: SEE NOTE 12 u " "
benzo (k) flucrenthen: SEE NOTE 12 » u "
bis (2=t hlovaethony) eethane SEE NOTE 12 " " u
bis(-vhloroethyl) sther SEE NDTE 12 " u "
bz (EZ-rhlorortopropyl: ether SEE NOTE 12 " v u
bis(Z-1thy heryliphthal ate SEE NOTE 12 " v u
butyl tenz,i pathalate SEE NOTE 12 " " g
chrysens SEE NOTE 12 " n z
di-r-bubybaiihalete SEE NOTE 12 0 " "
di-v-otyl phiaalate SEE NOTE 12 u " "
diberzo(a, i athracens SEE NOTE (2 » » »
diethy. ph:halate SkE NOTE 12 " " 5

Revisei &3 Inay B



CHEM LA LOMPOUND

Table 10 Fage £3 of 36
ANALYTICAL METHOD: BIOTA
BAGH/NEUTRALS

dimethvl phihalate
fluora“thene
fluoree
hexach | arofien: ere
hexachiorotiutadiens
hexathloraeye: opent ad.ene
hexachloraethane
inderoly 2y J-v, d)py ~ene
isophorang
N-nitrosod: -n- sropy tamine
N-riltressol: med by lamine
N-ritrosod phinylamire
naphthailens

nitrobenzere

phenanthreng

pyrene

Revised ¢ 6 Way 86

DETECTION DETECTION DETECTION
WETHOD | LIMIT 1 METHOD 2 LImI™ 2 METHOD 3 LIWIT 3 AUDIT FREQUENCY  CONTROL LIMITs
SEE NOTE 12 ! " !
SEE NOTE 12 ' ! o
SEE NOTE 12 y » !
SEE NOTE 12 ! " "
SEE NOTE 12 " " "
SEE NOTE 12 ! " "
SEE NOIE 12 " " v
SEE NOTE 12 “ " !
SEE NOTE 12 y " "
SEE NOTE 12 ° " "
SEE NOTE 12 ! . "
SEE NOTE 12 y " !
SEE NOTE 12 ' y "
SEE NOIE 12 " " !
SEE NOTE 12 " v "
SEE NOTE 12 " " "
NaTE 12 Sampling and Analysis Proceedures for Surveylng of Fish for Priority Pollutabts USEFA Jure 1977

Metal Detection Limts are the same as for Soil/sedinment

Detection Limits Organics -

td, Fb,

Hg - Cold Vapor

a0 pg. /Kg.
~ Flane



Table JOPage 24 of 36
ANALYTICAL METHOD: BIOTA

DIOYINS/FURANS
DETECTION DETECTION DETECTION

CHEMICAL COIE20UND METHOD | LIMIT | HETHOD 2 LInIE 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  COMTRIL LIMITS
tetra-.00 SEE NOTE 12 SEE BELOW  SEE BELOMW SEE LELOW
tetra- DF SEE NOTE 12 u » "
pevta—i.DD SEE NOTE 12 » " "
pent a- . DF SEE NOTE 12 " u "
hexa-CliD SEE NOTE 12 " " "
heya-CHF SEE NOTE 12 u u .
heptz- 0D SEE NOTE 12 u u .
hepta- \DF SEE NOTE 12 " u "
octa-Citd SEE NOTE 12 " u "
octa-CiIf SEE NOTE 12 v v u

NOTE 12 Sampling and Analysis Proceedures for Surveying of Fish for Pricrity Pollutabts USEPR Jure 1977

Metal Detection Limits are the same as for Soil/sediment
Detection Limits Drganics - 50 pg./Kg.
Cd, Pb, - Flame
Hg - Cold Vapor

Revisel &d Irav Bi.



Table 10 Page 25 of 36
ANALYTICAL METHOD: BIOTA

METALS
DETECTION DETEUTION DETECTION
CHEMICAL CIOMPOUND METHOD 1 LIMT 1 METHOD 2 Linn ¢ METHOD 3 LIMIT 3 AuLIT FREGUENCY  CONTROL LIMITS
SEE BELOW SEE BELOW aEE BELUMW
caduius SEE NOTE 12 " " "
lead SEE NOTE 12 " . *
mercury oo ld yapar: SEE NOTE 12 " » !
NOTE 1.2 Sampling and Analysis Proceedures for Surveying of Fish for Priority Pollutabts USEPR Jurw 1977

Metal Detection Limits are the same as for Scil/tediment
Detection Limits Organics - 50 py. /K.
Cd, Pb, - Flame
Hg - Cold Vapor

Reviseo 24 May B6



CHEMICAL CONPOUND

4,47 -Di)

4,4 -Dlz

4,47 -DUT
aldrin

Aroclor Ik
Aroclor 1221
Aroclor 132
Rraclonr 124
Aroclor 12540
Rroclor 1294
Arocior 1230
chlordare
dieldrin
erdosiul fan |
endosul fan 11
erdose i fan sulfate
endr ir

endrir aldehyce
endrir. keybone
heptachlar
heptachlor epexide
mekhoy yehilor
toxaphing

B-BHL

Revisid 4 Mev 86

Table1(+ Page &6 of 36
ANALYTICAL METHOD: BIOTR
FESY (LIDES/PCHs

DETECTION DETECTION DETECTION
METHOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTRIN. L1MITS
SEE BELOW SEE BELOW SEE HELOW
SEE NOTE iz ! " "
SEE NOTE 12 " ! !
SEE NOTE {2 ! " "
SEE NDTE 12 ! " !
SEE NOTE 12 ! " "
SEE NOTE 12 ! " "
SEE NOIE 12 " ! *
SEE NOTE 12 " 4 !
StE NOTE 12 " “ "
SEE NOTE 12 ! ! !
SEE NOTE 12 ! y !
SEE NOTE 12 ! ! "
SEE NOTE 12 " ! "
SEE NOTE 12 " ! "
SEE NOTE 12 . ! "
8EE NOTE 12 ! " "
SEE NOTE 12 " " "
SEE NOTE 12 . " "
SEE NOTE 12 ! ! !
SEE NOTE 12 ! ! "
SEE NOTE 12 “ y gy
SEE NOTE 12 " ! !
SEE NOTE. 12 ! " "
SEE NOTE. 12 " ! "



Table 10 Fage £7 of 3
ANALYTICAL METHOD: BIOTA

FESTICIDES/PCHS
DETECTION DETECTION DETECTION
CHEMICRL [RMPOUNL M. THOD 1 LINIT § METHDD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY ~ CONTROL LIMITS
T-BHE  (}iadane) SEE NOTE 12 " " "
g-BHE SEE NOTE 12 ! . "
INOTE 12 Sampling and Analysis Proceedures for Surveying of Fish for Priority Pollutabts USEFA Jure 1977

Metal Detection Limits are the came as for Soil/Sediment

Detection Limits Organics -~ 30 pg. /Kg.
Cd, Fb, - Flame
Hg - Cold Vapor

Revizel ¢ Mav Bi



Table 1) Fage 78 of 3
ANALYTICAL METHOD: BIOTA

VOLATILES
DETECTION DETECTION DETECTION
CHERECHL CDYPOUND M:HOD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AULIT FHREQUENCY  CONTROL LIMITS
SEE BELOW SEE BELOW SEE BELOW
1, L 1-trmcitooethene SEE NOTE 12 u " "
1, 1, &y2-tetrazhlorcethane SEE NOTE 12 " u "
1y Lye-tracaloroetheng SEE NOTE 12 " u "
1, 1-thirhlo~ne hane SEE NOTE 12 " " "
1y L-tirhla oz hene SEE NOTE 12 " v n
1, e-tichlo~op~opane SEE NOTE 12 » u "
e-bromo-1 - foroprepane SEE NOTE 12 v 0 "
2-butarore SEE NDTE 17 u u »
2-chlorogtaylvinl ptoer SEE NOTE 12 y ! "
2-hexanora SEE NOTE 12 " " 0
4-methyl-2-paatanore SEE NOIE 12 u u "
aceton SEE NOTE 12 " u "
benzens SEE NOTE 12 o " "
bremocn ke e nane SEE NOTE 12 u u "
bromod uch Lercinztl ang SEE NOIE 12 " u "
browafairs SEE NOTE 12 " " "
bromzmethare SEE NOTE {2 u " "
c-1, i-dich.ororcpere SEE NOTE 12 " o "
carbon tebrachlorids: SEE NOTE 12 o " i
chlerobenzeng SEE NOTE 12 u u "
chloronthane SEE NOTE 12 " " "
chlorotora SEE NOTE 12 u " "
chloromathdng SEE NOTE 12 u 0 “
ditremchioromethan: SEE NOTE 12 v " u
dichlo-oditiue-onet vane SEE NOTE 12 " " "
ethyl nerzene SEE NOTE 12 v u “
nethylane chlo-ide SEE NOTE 12 " u "
t-1, 1-trichloroethe e SEE NOTE 12 u u "
t-1, d-dien .ororcpete SEE NOTE 12 u u o
tetracilorcithane SEE NOTE 12 " " "
toluan: SEE NOTE 12 “ u .

Revized 28 Mav 8¢



Table 10+ Page 29 of 36
ANALYTICAL METHOD: BIDTA

VILATILES
DETECTION DETELTION DETECTION
CHEMICAL CONPOUND METHOLD 1 LIMIT 1 METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUDIT FREQUENCY  CONTROL LIMITS
total «ylenes SEE NOTE 12 " # u
trichl moprtheie SEE NOTE 12 " " o
trichlore uoromethare SEE NOTE 12 " u “
vinyl acetate SEE NOTE 12 o b "
vinyl chimeade SEE NOTE 12 " u y
NOTE 12 Sampling and Analysis Proceedures for Surveying if Fish for Priority Follutabts USEPR Jure 1977

Metal Detection Limits are the same as for Soil/>ediment
Detection Limits Drganics ~ 50 po. /Kg.
Cd, Pb, - Flame
Hg - Cold Vapor

Revised € Iay &3



Table 10 Fage 30 of 36
ANALYTICAL METHOD: BIOTA
WET CHEMISTRY

DETECTION DETELTION DETECTION
CHEMICAL CONPOUND METHOD 1§ LIMIT ¢ METHOD 2 LIMIT 2 METHOD 3 LIMIT 3 AUBIT FREGUENCY ~ CONTRCL LIMITS
SEE JELOW SEE BELOW SEE BELOW
ammori-y nrogn SEE NOTE 12 u " »
cyanid. SEE NOTE 12 " . u
nitrate + nabeite as N SEE NOTE 12 u u "
nitrate nitronen SEE NOTE 12 " u "
percent. s . SEE NGTE 17 » » "
PH SEE NOTE 12 " n "
specific tonductanc: SEE NDTE 12 " u »
total «jeldah. nitrigen SEE NOTE 12 " " W
total wrganic rcarbos SEE NOTE 12 " u “
total wrgaric ialidse SEE NOTE 12 x " "
total shosphaoras SEE NOTE 12 " n v
NOTE 12 Sampling and Analysis Proceedures for Surveying of Fish for Priority Pellutabts USEFR Jure 1477

Metal Detection Limits are the sawe as for Soil/3ediment
Detection Limits Organics - 50 pg. /Kg.
Cd, Pby - Flame
Hg - Colo Vapor

Revised o8 May 85
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FESTICIDES/PCHs
CRAE ORCHARD NATIONAL WILDLIFE <EFUGE

AUDIT FREGQUIENCY CONTROL LIMITS
Retent 1on (ree per 24 hours 4, 4" -DDT wust have retention tiwe greater than or egual to a2
Time Windons mivutes on packed column, less than &% shift on packed and . 3%

fo~ capulary celumn.

Evalualton Once per 72 hours, % A5D for aldrin, endrin & dibutylchleroendate must he lecs
Mixturas thas or equal to 104,

Ak, &C

Column Crce per 72 hours. Must not exceed 204 - 1f greater remedial action ys required.

Breaktin~cuyh

Irwust -ial frmce per 72 hours then intermittently throughout analysis Calculated factors must not exceed 19% diffevence for the guast itabion
Standad M.x run nar 20X difference for confirmation run during 12 hour.

pe~icd, Deviation greater than or equal to 13% reguires

reanalysis.
Conf irmat1on Once per 72 hours. Seaseration should be greater than or equal to 9% resclution
Aralysis be:weer peaks.
Reagen. Blank 1 fer case or 1 1n 20 of similar concentration/watrix Less than Sx CRDL for solvents, less than CRDL for al. others,
Surrogate Spibe Al samples and blank (including MS/MSD). Recovery limits within those of Table 4.2, Exhibit £ (IFB BH d0-

J176, WA 85-J177, WA 85-178 frevised 1/83)).

MS/M:D ! per case ar 1 1n 20 of similar concentration/matrix Must fall within limits of Table 5.2, Exhimt E {1FB WA 63-I176
WA 85-J177, WA 85-178 (revised 1/85)).

Revizel 24 May 8¢



AUDTY

Reager. Blank

Surregate fpihe

MS/M50

Calibrabion

Continuing
Method, Field
Blank
Replinate

MS Tuning

Calibration
Veryfication

Revisec 2h May 86

Table 10 Fage 32 of 36

VILATILES

CRAB DRCHARD NATIONAL WILDLIFE REFUBE

FREQUIENCY

1 per case ¢r 1 in 20 of similar concentra-
tien/matrix,

All samples and blank (including ms/msd).

1 per case or 1 in 20 of similar concentra-
tion/natrix.

Each L& hours

! in 2C-provided by sampling crew

1 in #0-provided by sampling crew

Oz per day.

Orea

CONTHUL LIMITS
Less than Sx CRDL for solvents, less than CROL for ail others
Riecovery limits within those of Table 4.2, Exhibit B (IFH

Wi 85-J176, WA 85-J177, WA 83-178 (revised 1/83)).

Recavery limits within those of Table 5.2, Exhibit E (IFH
Wi 85-J176, WA BS-J177, WA B3-178 (revised 1/£5)).

M:riimum RF 90,0033 must be less than 29% diffarerce for any
check compound.

Saime as reagent blark
+/-- 20% PRE waters
+/- 30% PRE scils

BFl key 1ons and aburdance criteria must be wet for
all 9 ions.

Five concentrations - lirear range Base/Meul-als 0-400 ng
Acids 0-1000 ng.
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SEMI-VOLATILES
CRAB ORCHARD NATIONAL WILDLIFE HEFUGE
AUDTTY FREQUENLY CONTROL LIMITS

Reager. Blank 1 rer case or 1 in 20 of similar concentra- Less than Sx CRDL for solvents, less than CRDL for- all others
ticn/matrix.

Surrog ite lipihe Al sauples and blark {including MS/MSD), Recovery limits within those of Table 4.2, Exhibit E (IFH
Wl 85-J176, WA 85-J177, WA 83-178 (revised 1/85)),

MS/M=D 1 per case or 1 in 20 of similar concentra- Racovery limits within those of Table 5.2, Exhibit E (IFH
tion/matrix, Wi 85-J176, WA B3-J177, WA 85-17E (revised 1/B85)..

Caltbration Each L& hours Minimum RF 0.05; must be less than 25% difference for any

Continiing check compound,

Methed/Field ! 11 20-provided by sampling crew Same as reagent blank

Blark

Replicate 1 :n 2C-provided by sampling crew +/- 20% FRE waters

+/- 50% PRE soils

M5 Tuming (e per day. BFB key 1ons ard abundarce criteria must be met for
all 9 1ams.

Calibration Ore Five concertrations - linear vange Base/Neutrals 01-400 ng.
Verificzation fAcids O-1000 g,

Revised 26 Mey H5



AUCTT

Calihration
Vertfiration

Calibribiom
Blarnk

Preper.tion
Blarnk

Interfirene
Check Samp' e

Spiked Sanp.e
Analysis

Duplic ite
Sample Anajysis

Lab Lot
Sample
{aqueois)

Lab Lo brol
Sarple

(so1ls

Duplicote
Inject on

Spike Lamoie

Revised 24 May 86
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INORGANICS

CRAB ORCHARD NATIONAL WILDLIFE REFUGE

FREGQUENCY

Calitrated daily and each tiwe irstrument is set upj verify at
a frequency of 10X or every 2 hours, whichever is greater.

During calibration at a freguercy of 10% during run and at end
o’ rum

1 per batch of samples digested or 1 in 20 whichever s greater
al beginning and end of or twice per B hour working shift
whichever is greater.

1 fer group of similar corcentration and matrix, 1 per case of
sauples, o~ 1 in 20, whichever is greater.

Sawe ac spiked sawmple analysis,

i for each procedure for each case of samples received; 1 in 20
or 1 per batch digested, whichever is greater.

once a month for each of the procedures (applied) te solid sample

analysis,

edch analysis

each analysis

CONTROL LIMITS

Within +/- 10X of true value for all except tin ard mecury (4 00 of drue valu

N ware thar CRDL.

No more tharn CRDL.

+/- 204 of mean value {established by rurming samples at least
S times repetitively).

Within +/- 25% recovery

+/- 20% RPD for values 5X CRDL or wore +/- CRDL for samples

less than S5X CROL

Within 80-120% recovery

W.thn limts establiched by EFA,

+/- 20% R5D

In accerdance with tumts shown 1n Section 7, Exbabat By SO ne
84 (July 1384)
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WE1 CHEMISTRY
CRAB ORCHARD NATIONAL WILDLIFE REFUGE

AUDTT FREQUENZY CONTROL LIMITS

Calibwataize calibrated aily and each time instrument is set up; verify at Within +/- 104 of true value.

Verifiratimn a rreguency of 10% or every 2 hours, whichever is greater.

Calibratian during calitwation, at a frequency of 10% during run, ard at No more than CRDL

Blank gntl of ryn,

Preperation | per Latch of samples or 1 in 20, whichever is greater No more than CRDL

Blank

Interferen:e fit tegurming and end of each run or twice per 8 hour working +/- 20% of mean value (established by runrirg cample at Seast
Chech amp @ shift, o times repetitively); check sample to be prepared in

coansultation with EPA.

Duplicite 1 per case of sawples or 1 in 20 whichever is greater +/~ 20% RPD for values S5X CRDL or more; +/- CRIL for samptes lass than 53 CROL
Sample Bniz.vs: s

Spiked Saaple 1 per proup of simtlar concentration, 1 per case of samples, within +/-23% recovery
Aralysis or 1 tn 203 1 at end of run for nitrate and nitrite.

Reviser 29 May BE
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Table 10 Page 36 of 36

ABBREVIATIUNG USED IN TRBLE 23

CRBL CONTRALT REQUIRED DETELTION LIMITS
RF - RESPONGE FACTOR

FRE - FERCENT RELATIVE ERRDR
MS/MSD - MATRIX SPIKE/MATRIX SPIKE DUPLICATE
RFD - RELATIVE FERCENT DIFFEFENCE

RSD - RELATIVE STANDARD DEVIFTION

TOX - TOTAL [RGANIC HALOGENS

ppb - PARTS FER BILLION

ppt - FARTS FER TRILLION

AR - ATOMIC AESORBTION

C - GAS CHROMATOGRARH

6C - GAS CHHOMATOGRAFH/MASS SPECTRMETER
CLR - CONTRACT LARORATORY PRCGRAM
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reference standard samples, and/or field or laboratory blanks along

s with each set of samples. Any interference are identified and
documented.

In general, the methods accuracy is determining by spiking the

sample matrix with the analyte at a minimum of three concentration

levels. The range of the spiking levels is selected to bracket the
it concentration of interest. Percent recoveries of the spikes are
calculated and are compared with synthetic standards. The methods
- precision is determined by analyzing a minimum of three replicates at
each spiking level. The precision is evaluated by calculating the
standard deviation.

- The data generated is, whenever possible, input the laboratory

base data management system. Analyst's work sheets are filed for one

" year as a temporary record. When approved and signed, data reports
" and pertinent information are reported to the client.
The analytical protocols for explosives in soils are presented in

Ll Attachment 5. Samples to be analyzed for chlorinated dioxins and

dibenzofurians will be analyzed according to the procedure of Smith et
- al. (1984) or equivalent as presented in Attachment 6.
il

7.02 Field Procedures
- Site investigations will be conducted in two phases. Samples

collected during the two phases will be shipped, following chain-of-
custody procedures to O'B»rienr & Gere's laboratory- for-analyses.
Field analyses of surface and groundwater will consist of pH,

specific conductance and temperature measurements.
- / Yy e
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VOLATILE ORGANICS IN WATER SAMPLES

Water samples were analyzed by EPA Methods 601 and 602 which
employs the sample preparation step of purge and trap followed by
analyses with a gas chromatograph ‘equipped with a HECD and PID
detector. Surrogate standards were added to a level of 20 ppb to each
samples to monitor purging efficiency. The surrogate standards are:

Bromochloromethane
1,4 - Dichlorobutane

1 - Chloro - 2 - Brodopropane

REFERENCE
1) Federal Register, 40 CFR, Part 136, October 26, 1984, Method 601

and 602.
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VOLATILE ORGANIC SCREENS IN SOIL AND SEDIMENT

Soil and sediment matrices were analyzed by a method which
combined the sample preparation methods of the EPA CLP with the gas
chromatographic methods of EPA Methods 601 and 602. The method
employed a direct sparge sample preparation step followed by analysis
wifh a gas chromatograph equipped with a HECD and a PID detector in
series. Surrogate standards were added to every sample to monitor
sparging efficiency. The surrogate standards are:

Bromochloromethane
1,4 - bichlorobutane

1 - chloro - 2 - Bromopropane

1000 ng of each surrogate was added to each soil/sediment sample.

REFERENCE

1) Federal Register, 40 CFR, Part 136, October 26, 1984
2) USEPA Contract Laboratory Program, Statement of Work for

Organic Analysis May, 1984
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SEMI VOLATILE FIDSCANS OF WATER AND SOIL SAMPLES

Water and soil samples were screened from organic pollutants

- using the sample preparation procedures of the EPA CLP. Identification
. and quantitation was accomplished using a gas chromatograph equipped
with capillary column and a FID detector. Water sampies were acid/base
- partitioned and extracted with methylene chloride. According to the
CLP procedure, generating two extracts for analysis. Soil samples were
- extracted at a neutral pH as specified in the CLP, generating a single
extract for analysis. Surrogate standards were added to all samples as
follows:
vl
Water Soil
! Octadecane 200 ppb 6,700 ppb
. 2,4,6-Tribromo-phenol 500 ppb 17,000 ppb
i The gas chromatograph conditions were as follows:
GC: HP 5880
Column: HP 530u Methyl silicone
| Wide Bore Capillary
Column, 10 meters
Oven Temp: 50 to 250 at 10° per minute
N REFERENCES

1) USEPA Contract Laboratory Program Statement of Work for Organic

e

Analysis 5/84

gl
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ORGANO CHLORINE PESTICIDES AND PCBs IN WATER AND SOIL SAMPLES

The EPA CLP was used to screen samples for pesticides !\and PCBs
in water and soil samples. Surrogate standards were added to every
sample to monitor extraction efficiency. Dibutychlorendate was the
surrogate standard added to water sampies at a level of 0.5 ppb and

v soil samples at 17 ppb.

REFERENCES

1) USEPA Contract Laboratory Program Statement of Work for Organic

Analysis May, 1984

i

e Al

[ 10
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SECTION 8 - DATA REDUCTION, VALIDATION, AND REPORTING

8.01 Ceneral

O'Brien & Gere's laboratory facilities will perform all testing except

for samples split with the U.S.F.W.S., explosives residues by HPLC,

ICP scans, and PCDD/PCDF analyses. Data reduction and validation

will be incorporated into the in-house effort.

8.02 Data Reduction and Reporting

The following data handling procedures are employed at O'Brien §

Cere:

A.

Data Production - A Hewlett~-Packard Model 5995 and 5993 are

used for the positive identification and quantification of
sample extracts. Output from the determination is a total icn
chromatogram recorded on thermal printer hard copy and
cassette tape.

Data Reduction - Output from the GC/MS unit is digitized,

stored in memory on cassette tape and processed for
presentation in three formats:
1) A real-time total multiple ion mass chromatogram.
2) A post-run integration report contains the following:
a. Retention time
b. Response factor
c. Primary, secondary, and tertiary ion with their
corresponding abundance

d. Quantitation ion



wisinlt

Wil

-l

(1% |

I}

]

[ T

Section No: 8
Revision No: 1
Date: May 27, 1986
Page 2 of 4

e. Reference library name
f. Concentration
3) A visual comparison of the subject mass spectral output

to the library compound.

Data Transcription - The post integration report contains the

following:

1) Listing of all compounds.

2) Relative retention times.

3) Relative response factor to their internal standards.

4) Concentration of compounds, surrogate and internals.

Quality Control/Quality Assurance data such as resolution and

calibration standards and DFTPP spectra are also processed and stored

in the above manner.

D.

Data Verification - The processed transcribed information and

the hard copied raw data are now evaluated by the Group
Leader to verify the validity of the data and determire
whether reinjection or additional cleanup steps are requirec.
The results of the evaluation are recorded in a notebook and

inputted into the Sample Status File.

Distribution - Following final review the GC/MS Group Leader

and Manager of Analytical Services, the results of the
analytical determination are shipped to the Contractor. The
format used for presentation of data are the presented in the
IFB forms. Additional data such as copies of raw data and

chromatograms are provided upon request.
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F. In-House Storage - Results of all analytical determinations are

stored in the RTE6 computer. Raw data tapes are logged into
the computer on a separate file and listed by tape number
- and its contents. The data tapes are stored indefinitely.
Should a request be made for a particular raw data tape, the
- tape is copies and the copy is kept in the archive while the
o original is sent to the Contractor. All notebooks are also

archieved and stored in the O'Brien & Gere Central File.

il

Reporting

Once a sample has been tagged and input into the laboratory

[}

data management system, we have the ability to determine its exact
status. With the évailable maintenance programs, and tracking
! forms, the group leaders can trace the progress of one sample or
an entire group of samples. Therefore, a client is able to receive
partial data before the entire program is complete.
» For a program that covers the course of several months or
years, it is imperative that interim reports be submitted. It is
anticipated that turnaround for a batch of samples will be 40 days
from sample arrival. The RTE6 computer system, with the
Aquarius software will generate a final report following injection
and data evaluation. Therefore, if specific sample information is
required prior to submission of the case, we would be able to
- satisfy EPA's needs.
Of course there may be certain instances where faster

turnaround would be dictated and we shall make every attempt to
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meet those needs. Our past experience on programs of this size
vt have proven our capability to supply information in a timely

manner.

8.03 Data Validation

Prior to submitting of the data to the Project Manager for his
o review, data will be validated by the individual Ilaboratory group
leaders and/or Manager.
- /"\’ The validation process will include the review of spike recoveries,
o / surrogate recovery, comparability of duplicate analysis and field blank
/ integrity. Additionally, the reviewer will check for the adherence to
ke ' accuracy and precision criteria, unusually high or low parameter vajues
}.\  and possible transmittal errors. e 7:{«'1"’”/"’ i

1] \ ) o .
“~——"Field data will be reviewed by the Quality Ass@france Manager

(QAM). The QAM will critique the field data using the same guidelines

14l

| where required, as outlined above.

\
\ . 2
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SECTION 9 - INTERNAL QUALITY CONTROL PROCEDURES

I\ 9.01 Contract Laboratory Quality Control

il amil . [

vt The standard quality control procedures for the CLP will be

employed to provnde consistent, accurate and dependable test results.
ol ~

—

</Attachment ll to this QAPP documents the QA/QC considerations
- included in thlS program. The major elements of the QA/QC program
are: instrumental tuning and calibration criteria, defined analytical
protocols, reagent blanks, surrogate spikes, matrix lspikes and

duplicate analyses. A reagent blank is included in each batch of up fo

twenty samples analyzed. Surrogate spike standards are incorporated
e into all samples and blanks prior to sample processing while one set of

matrix spikes and matrix spike duplicates will be included per batch of

b up to twenty samples. A field blank consisting of diatomaceous earth

for soils or distilled water for groundwater will also be included as
il

quality control samples.
i Sample containers will be supplied by the O'Brien & Gere's

laboratory. In order to insure both sufficient quantity and proper

L . N . .
" container cleanliness the contract laboratory will order these supplies

from | Chem Research, Inc. located in Hayward California. When
L]

ordering the containers the contract laboratory will specify pre-cleaned

o jars with teflon liners. f\\

The types of containers are as follows: //ﬁ".—,?/ .
A -’ .
ey A _ Water { - - ;7/ //L -(/&,&/é(’ -
e "

©125 ml screwcop glass for tefion level

°100 ml polyethylene bottle with screw cap

am °40 ml VOA vials with teflon septum
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°500 ml polyethylene bottles with screw caps

°quart glass jars with teflon lined cap

°gallon glass jars with teflon lined cap

B - Soil/Sediment

°40 ml VOA vials with teflon system

°30 mil crimp vials — "~ ?‘

°60 ml glass jars with teflon lined cap

°Wide mouth pint glass for with teflon Ii.ned cap

°1/2 pint glass for with teflon lined cap

In order to insure container cleanliness randomly selected

containers will be filled with distilled deionized water and sent to the
laboratory for analyses. The analyses requested for this blank sample

will be equivalent to that for which the sample to be held by that

container would normally be analyzed for.

9.02 Field Sampling Quality Control

Field sampling crews will always be under the direct supervision of
a crew chief with a minimum of a Bachelor's degree and five years
sampling experience. New employees will be assigned to an experienced
staff member and work under his/her direction.

Bound log books and appropriate data sheets will be used to
document the colliection of samples so that any individual sample can be
traced back to its point of origin; sampler and sampling equipment.

Duplicate samples will be collected at the same time, employing the

same procedures, equipment and containers as the scheduled sample.
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Additionally, duplicate samples will be packaged and shipped to the

laboratory in the same manner as the required sample.

Tables 6 and 7 (Section 1.05) list the projected number and sample

Al

type of duplicates for Phases | and 1l.

As specified in Section 8 of this QAPP the QAM will periodically
- review the results of the duplicate analyses and advise the Project
— Manager of any problems.

9.03 Field Analytical Procedures Quality Control

Field measurements of pH, temperature and specific conductance

o
will be taken on water samples only. The pH meter will be checked

wen against two known standard pH buffers (7 and 10) before and after
each days use.

ol

Temperature measurements will be made with a mercury-filled
celsius thermometer. As a minimum, the thermometer will have a scale
nin

marked for every 0.1C, with marking etched on the capillary glass.
. Field operations will require a thermometer with a protective case to

prevent breakage. The thermometer will be checked against a precision
. thermometer certified by the National Bureau of Standards (NBS)
periodically.

Conductivity reading will be made with a portable specific

conductivity meter. The meter will be calibrated against a 0.010 normai

potassium chloride solution (KCL) at least once per day.
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SECTION 10 - AUDIT PROCEDURES

Wb L/
-
2 The O'Brien & Gere Project Manager, the Columbia National

! !
‘e i Fisheries QC/QA Representative and the Refuge Manager will monitor
and audit the performance of the QA procedures listed in this plan.
e
" They will conduct field and office audits.

O'Brien & Gere has designated a QA office as indicated in Figure 3

L

(Section 2.02). A performance audit, consisting of analysis of
-~ l . /5’1/ N . ge . " .
e /;a\(pproprlate blanks, fortified samples and standard solutions will ke
7 ot
/; h performed quarterly for the duration of the project. O'Brien & Gere's

e 22024
onnnd

~/QA Officer will maintain a record of such audits and will inform the FWS
s of significant deviations from established control limits. These audits

will test not only the total system's response, but’inherently all major

it measurement methods.
) [ /}; ? O'Brien & Gere's QA Officer will report to the Project Manager and
;/}_ : /¥ the FWS the result of assessment of: the accuracy, precision and
- MM’;/ completeness of the data, results of the performance and system audits,

and any problems encountered in the analytical procedures. The QA
Officer, in conjunction with the analyst, analyst's supervisor, and
Project Manager will formulate recommendations to correct any deficiency
in the analytical protocol or data. These corrective measures will be in
accord with ongoing good laboratory practices and the overall Quality

Assurance Program.
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SECTION 11 - PREVENTIVE MAINTENANCE

Preventive maintenance procedures will be carried out on all field
equipment in accordance with the procedures outlined by the
manufacturer's equipment manuals. Any field equipment used during
this project that is not covered by the standard operating procedures

will have a specific maintenance instruction sheet prepared for it.
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" SECTION 12 - DATA ASSESSMENT PROCEDURES

~-—

The O'Brien & Gere Iaboratories QA/QC group leader will be

-

responsible for assessing the quality of the data generated. His
assessment will be based upon instrument tuning criteria, surrogate

o onat

recoveries, matrix spikes, duplicate analysis and reagent and field
.” N o

o Al o Ao

blank integrity. / z

\/"—_-\
The QA/QC group leader will advise tr@/\‘/of any data which he

believes should be rated as "unacceptabie" or "preliminary" along with

recommendations for corrective action, if deemed necessary.
il

Tentatively identified compounds (TIC's) will be brought to the

P attention of the Project Manager (PM) who has the responsibility of
- . . e : N
deciding whether to require addltlgnal vernfucatnp\n °"C?'_SE"“_T th_e_gi'@/. i

—— e T

The Quality Assurance Manager (QAI\/A) has the responsibility of

—

» jassessing the quality of thé data generated by outside contract

laboratories. The QAM will review both the analytical data and QA/QC

i / reports and will report any inconsistencies to the PM along with
/ : recommendations concerning the acceptability of the data.

! / " Finally, all analytical data will be submitted to and assessed by tlw;7

/FWS in accordance with their standard procedty‘es. 74\

T ' S

. ) ARV : ~
-~ e ,/% (///?(/Zf:m/ \5 - —

\ ‘:’(/ v 4‘/4 ”V-—:; RN ~’Z 'zﬁ’é' [ _;&lfr';;-,’"ﬂ’:'“:!i v‘v./:/'f’/"‘:-:’/*:-‘.

Wi i , ",' /:..‘ // PRI //" 1‘;' 2
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SECTION 13 - CORRECTIVE ACTION PROCEDURES

Corrective action procedures that might be implemented from audit
results or upon detection of data unacceptability are developed on a
case-by-case basis.

The actions may include:

° Reanalyzing samples if holding time requirements have not

been exceeded.

e Altering field or handling procedures.

° Resampling.

° Using a different batch of sample containe:rs.

° Recommending an audit of laboratory procedures.

° Accepting data with knowledged level of uncertainty.

° Discard data.

Further guidance to corrective actions is outlined in Attachment 4
to this QAPP. The O'Brien & Gere Project Manager is responsible for
initiating the corrective action. The Reg;onal Resource Contaminants
Assessment Coordinator is responsible for approving the corrective

action.
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SECTION 14 - QUALITY ASSURANCE REPORTS

For this project, no separate report is anticipated to describe the
performance of the data measurement systems or the data quality.
Discussions of quality assurance problems and corrective actions taken
will be included in the project monthly progress reports. The final RI
report and the final FS report will contain separate QA sections that

summarize data quality information collected during the project.

//'
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ATTACHMENT 1

SAMPLING AND ANALYSIS SCHEDULE

il a. Key
b. Phase | Listing
c. Phase Il Listing
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Col.
No.

10-12.

13.

14,

15.

16.

CRAB ORCHARD NATIONAL WILDLIFE REFUGE

SAMPLING & ANALYSIS SCHEDULE

ID1

ID2

ID3

ID4

MATRIX -
Name -

Type -

Depth -
Analysis Set -

Rationale -

Lab No. -

Replicate -

KEY

Site Number
Sequential number at a given site

Sample Matrix: soil-1; water-2; sediment-3; fish-4;
turtles-5; crayfish-6

Analysis set: A-1; B-2; C-3; D-4; E-5; F-6; G-7; H-8
(see parameter list for analysis sets)

soil, water, etc, (See ID3)
Description of sampling locations

Type of sample collection - surface, grab,
composite, core, etc.

Depth at which sample is collected
See Parameter List for analysis sets

For selection of sampling depth, location and
intervals. See Attachment 2 for explanations.

Number used by OB&G Laboratory System

Shows if replicates are collected for FWS,
duplicates or spikes

Sample Coll. Date - Date of Sampling -

Dupl/Spike -
Numbers

1***! indicates sample collected; '---' indicates
sample not collected

Lab No. for corresponding duplicate or spike
sample.
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PHASE 1 LISTING OF SAMPLES SCHEDULED
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10322 MWAR 29, 1986 /CONWRLIST1

IDf 1D2 ID3 ID4 ! NATRIX!

ST N HAT A.S

- 1- 1- 1 shi
- 2= 1- 1t S0
3 2~ 1- 6 SOIL
3 3 1- 1 SOIL
3~ 4~ 3- 4 SEDIMENT
3- 9 3- 1 SEDINENT

4-
4-
4_

he
15_
3=
5-

4 sShiL
1 SEDIMENT
& SEDIMENT

1 WATER

1 SOIL
1 SEDIMENT
& SEDIMENT

CRAB ORCHARD NATIONAL WILDLIFE REFUGE
SAMPLING AND ANALYSIS SCHEDULE
PHASE T - ALL SAMPLES

IANAL {DEPTH! LOCA-!INTRUL!SANP!! LAR REPLICATE
NO  LAB FWS CuLL.

NAKE ! TYPE ! DEPTH
SET TION T NO,
Doos o (RATIONALE)Y 444 0!
GROUP: SITE?  JIAREA 11 SOUTH LANDFILL
NORTH BANK COMP, 6 GRABS O-1 FT A4 I P Y
SOUTH BANK COMP. & GRABS  O-1 FT A1 P Y
SOUTH BANK COMP, &6 GRABS  0-1 FT Fo I P Y
EAST MOUND COHP., 4 GRABS  0-1 FT Al P ¥
MARSH COMP, 10 GRABS  0-1 FT b K RS Y
LOWER STREAN  COMP, 10 GRABS  0-1 FT A K PsReS Y
GROUP? SITE?  ALAREA 11 NORTH LANDFILL
BARE PATCHES  COMP, 6 GRABS  0-1 FT r I Pl Y
SWANFY SED., COMP, &6 GRABS  0-1 FT A K R X
SWAMPY SED. COKP. & GRABS  0-1 FT FOK R X
GROUP: SITE}  SIAREA 11 ACID POND
POND WATER COMP, 4 GRARS  SURFACE A N R Y
DEAD TREE AREA  COMP. 4 GRABS  0-1 FT A K PRol Y
POND SED. COMF. 4 GRABS  0-1 FT A K R Y
POND SED. CONP. 4 GRABS  0-1 FT F K R Y

Revised March 175 1984

NOS.

N By M po -

573

10
374

7401
9402 DUFL
9257 DUPL
9403 SPKE
9404
9405

9406
7407
9258

7408
9409
9410
9259

Fus

FHS

FuS

SAMPLE
DATE

tir 8/14/35
kX 8/14/35
k1% 11/19/85
1t 8/14/85
kx 8/14/85
¥k 8/14/35

kix 8/13/85
¥ B/13/35
¥k 11/19/85

¥x 8/13/85
nr 8/13/85
kx 8/13/835
x 11719783

BUPL./SPIKE
NUMBERS

19221
19222
19266

NDTES
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41 -
42 -
43 -
4- 7 1-
5 - 74 2-
4 - 74 3-
47 - 7k 4-
48 - 7A- 5-
9 - 7n- 6
0 - TA 7-
8t - 74 8-
52 - 7A %
B- 74 9
i - 74 10-
N - 74 11-
9% - 7A- 12-
3 - A 13-
98 - 7A- 14-
5 - 7A- 15
60 - 7A- 16~
81 -
62 -
63 -
64 -
&5 -
66 -
67 - 11A- 1-
68 - UA- 2-
&9 - 11A- 3-
70 - 11A- 3-
- 1A~ 4
72 - 1A~ 5~
73 - 1A 6
74 - 1A~ 7~
75 - 1A~ 8-
76 -
77 -
78 -
79 -

80 -

- N 12}

10322 MAR 29, 1984 /CONWRLIST1

DO RO OO RO R s

GROUP: #2 SITED 74D AREA NORTH LAWN
1- 1 SO0IL  LOW SPOTS-SURF  COMP., 8 GRABS  SURFACE A+OVA I
1- 1 SOIL  LOW SPOTS-1 FT  COMP. 8 GRABS 4-12 INCHES A1OVA M
- 1 S0IL  LOW SPOTS-2 FT  COMP. 8 GRABS 1-2 FEET A+OVA M
1- 1 SOIL  LOW SPOTS-3 FT  COMP, 8 GRABS 2-3 FEET AtOVA M
1- 1 SOIL  TRANSECT A-SURF  COMP. 3 GRARS  SURFACE A{0VA J
1- 1 SOIL  TRANSECT A-1FT  COMP. 3 GRABS 6-12 INCHES A{0VA N
i- 1 SOIL  TRANSECT A-2FT  COMP. 3 GRABS 1-2 FEET A{OVA M
1- 1 SOIL  TRANSECT A-3FT  COMP., 3 GRABS 2-3 FEET AtOVA M
1- 1 SOIL  TRANSECT B-SURF COMP., 3 GRABS  SURFACE AtOVA J
1- & SDIL  TRANSECT B-SURF COMP, 3 GRABS  SURFACE F M
1~ 1 SOIl.  TRANSECT B-1FT COMP., 3 GRABS 6-12 INCHES AtDVA N
1- 1 SOIL  TRANSECT B-2FT COMP. 3 GRABS 1-2 FEET A+QVA N
1- 1 S0IL  TRANSECT B-3FT COMP, 3 GRABS 2-3 FEET A+OVA H
i~ 1 SOIL  TRANSECT C-SURF  COMP., 3 GRABS  SURFACE A4OVA J
1- 1 S0IL  TRANSECT C-1FT  COMP. 3 GRABS &-12 INCHES A+OVA M
I~ 1 GOIL  TRANSECT C-2FT COMP. 3 GRABS 1-2 FEET A4OVA M
1- 1 SOIL  TRANSECT C-3FT COMP. 3 GRABS 2-3 FEET A{OVA H
GROUP: #2 SITE? 11AIP AREA NORTH
3- 1 tEDIKENT  MEST SWALE COMP, 3 GRABS  0-1 FT A DK
3- 1 SEDIMENT  EAST SWALE COHP. 7 GRABS  0-1 FT A K
3~ 1 CEDIKENT NORTH SWALE 1  COMP., 6 GRABS  0-1 FT A DK
3- & GEDIMENT WNORTH SWALE 1 COMP. & GRABS  0-1 FT FoodK
3- 1 CEDIMENT NORTH SWALE 2 COMP, 3 GRABS  0-1 FT A DK
- 1 SOIL LOADING DOCK  COMP. 3 GRABS  0-1 FT A
- 1 SOIL NORTH DOOR CONP. 2 GRABS  0-1 FT Ao
1- 1 SOIL  EAST LOAD AREA CONP, 3 GRARS  0-1 FT A
i- 1 E0IL  STEAMHOUSE DOOR  COMP. 2 GRABS  0-1 FT A

GROUP:  #2

SITES

7:D AREA SOUTHEAST DRAINAGE

MR
QsR
@R
asR
@R

[~

I > D€ >¢ K 3¢ D ¢ P D¢ D g I 3¢ I wg XX

T £ E g X p¢ 2 3¢ <

11
12
13
14
13
16
17
18
19
373
20
3
2
23
24
]
26

© 27

28
29
376
30
3
32
33
34

2411
9412
2413
P44
2415
9414
9417 DUPL
7418
7419
9260
2420
7421
9422
9423
9424
7425
9426

Fus

9427 SPKE
9428
9429 DUPL
9261 DUFL
9430
2431
9432
9433
9434

FUs

1z
Hx
iz
3b
X
iy
kX
34
¥ix
Kz
3}
kik
3}
kix
inx
kX
1 5§ 4

ki
Kz
ux
kit
L3}
4% ]
kit
iz
LAY

8/17/85
8/17/835
8/17/85
8/17/85
8/17/85
8/17/85
8/17/85
8/17/83
8/17/83
11/19/85
8/17/83
8/17/83%
8/17/85
8/17/83
8/17/85
8/17/835
8/17/85

8/16/85
8/16/85
B/146/85
11/18/85
8/16/85
8/14/85
8/16/83%
8/16/85
B8/16/85



(PAGE

8 -

82- 7

g3- 7
B4 -

83 -

86 -

a7 -

88 -

89 -

30 - 8-

- 8

92 -

93 -

94 -

9% -

96 -

97 -

|- 9

99 - 9
100 -
101 -
102 -
103 -
104 -
105 -
106 -
107 -
108 -
109 -
110 -
111 -
112 -
113 -
114 -
115 -
116 -
117 -
118 -
119 -
120 -

10-
10~
10-

11-
11-
11-

3)

10822 HAR 29, 1986 /CONWRLIST1

1 WATER
EEDIMENT

—

1 WATER
SEDIMENT

—

1 WATER
1 SEDIMENT

1 WATER
4 SEDINENT
7 SEDIMENT

1 WATER
1 SEDIMENT
6 SEDIMENT

D-SE WATER CONP, 4 GRABS  SURFACE A N R
D-GE SEDIMENT  COMP. 4 GRABS  0-1 FT A K R
GROUP: #2 SITE:  8:D AREA SOUTHWEST DRAINAGE
D-SH WATER COMP, 2 GRABS  SURFACE A N R
D-SW SEDIMENT  COMP. 4 GRABS  0-1 FT A K R
GROUP: #2 SITED  9:D AREA NORTHWEST DRAINAGE
P-NW WATER COMP, 4 GRABS  SURFACE A N R
P-NW SEDINENT  COMP. 4 GRABS  0-1 FT A K R
GROUP: $2 SITE!  10!WATERWORKS NORTH URAINAGE
WH-N WATER COMP. 4 GRABS  SURFACE A N RS
Wi-N SEDIMENT  COMP. 4 GRABS  0-1 FT b K RsS
WW-N SEDIMENT  COMP. 4 GRABS  0-1 FT 6 K RS
GROUP: $2 SITE:  11:F AREA SOUTHEAST DRAINAGE
P-SE WATER CONP, 4 GRABS  SURFACE A N R
P-SE SEDIMENT  COMP., 4 GRABS  0-1 FT A K R
P-SE SEDIMENT  COMP. 4 GRABS  0-1 FT F X R

= e =

35
34

7
38

39
40

41
42
577

43
44
578

19209
19210 DUPL

3258
3386

3257
3385

3250
42
9262 DUPL

3247
A4
9263

Fus

¥ix
X

8/16/85
8/16/35

7/25/85
/25795

3%
kix

7/25/85
7/25/85

3% ]
3% 4

1x 7/25/85
kx 7/25/85
k1t 11/19/85

kX 7/25/85
kX 7/25/85
k1x 11/18/83

19235

19

2

39



121 -
122 -
123 -
124 -
125 -
126 -
127 -
128 -
129 -
130 -
131 -
132 -
133 -
134 -
135 -
136 -
137 -
138 -
139 -
140 -
141 -
142 -
143 -
1M -
145 -
144 -
147 -
148 -
149 -
150 -
151 -
152 -
153 -
154 -
155 -
156 -
157 -
158 -
159 -
160 -

20-

20-

12-
12-
12-

13-
13-
13-
13-
13-
13-

14-
14-
14-
14-
14-
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3-

GROUP: 42 SITE! 203D AREA SOUTH

1 S:DIMENT D SOUTH
& SEDINENT b SOUTH

CONP. 4 GRABS  0-1 FT A K
COMP, 4 GRARS  0-1 FT F K

DD

GROUP} #3  SITE}  12:AREA 14 LANDFILL

1 SEDIMENT DRAINAGE CHANNEL COMP, 4 GRABS  0-1 FT A DK
7 SEDINENT DRAINAGE CHANNEL COMP, 4 GRABS  0-1 FT 6 DK
4 S0IL  BLACK RESIDUE  COMP, 4 GRABS  0-1 FT D 1

PR
PsR
Pyl

GROUP: 43 SITE} 13}AREA 14 CHANGE HOUSE SITE

S0IL TRANSECT 1 COMP. 10 GRABS - 0-1 FT
SOIL TRANSECT 2 COMP. 10 GRABS  0-1 FT
S0IL TRANSECT 3 COMP. 10 GRABS  0-1 FT
S0IL TRANSECT 4  COMP. 10 GRABS  0-1 FT
SOIL TRANSECT 5 COMP. 10 GRARS  O-1 FT
SOIL TRANSECT &  COMP, 10 GRARS  0-1 FT

[ i PR - SR SV
D> D> T > D
e = o o o T

[~ =~ I B - ]

GROUP? #3 SITE! 14:AREA 14 SOLVENT STORAGE

COMP. & GRABS  SURFACE
COMP, 6 GRABS  0-1 FT
COMP, 6 GRABS  SURFACE
COMP. & GRABS  0-1 FT
COMP. 6 GRABS  0-1 FT

1 WATER  DITCH NORTH
1 SEDIMENT  DITCH NORTH
1 WATER  DITCH SOUTH
1 SEDIMNENT  DITCH SOUTH
& SEDIMENT  DITCH SOUTH

> I > >
Foom Eom =

R
@sR
mR
@R
a»R

= > <

- € g K g <

- g =€ ¢ =<

46
579

48
580
49

30
91
92
33
34
35

36
37
28
a9
581

3389
9264

3387 DUPL
§265
9385

2386
9187
7388
9389
9330
9391

19301
19302
19303
19304

9266

FUS

FUS

FWs

kix

/3785

kik 11718785

1z

17255763

31¥ 11/18/85

3%

L 3} 4
3} 4
L 9% §
i
kX
kX

3% ]
3%
kix
11X

B/14/83

B/15/85
8/15/85
8/15/85
8/15/85
8/15/85
8/15/33

7/25/85
7/25/33
7/25/B5
7/25/35

31t 11/18/85

92535

‘CLOSEST 10 RD.



(PAGE 3)
161 -
162 ~
163 -
164 - 15- 1-
163 ~ 15~ 2-
166 ~ 15~ 3~
167 -
168 -
169 ~
170 ~
i1 -
172 -
173 - 16~ 1-
174 - 16~ 2-
175 - 16~ 3~
176 - 16~ 4-
177 - 16~ 4-
178 - 16~ 8-
179 - 16~ 9~
180 - 16- 10-
181 - 16- 10-
182 - 16- 11-
183 - 16- 12-
184 - 16- 13-
185 - 16- 14~
186 - 16- 15
187 - 16~ 15-
188 - 16~ 16~
189 - 16~ 17-
190 -
191 -
192 -
193 -
194 -
19% -
196 - 17- 1-
197 - 17- 2-
198 - 17- 2-
199 - 17~ 3-
200 - 17- 4~

10:22

ot
]
bt et O o T e b pa N s e e O e ek e s

[
i
o ] s e

NAR 2%

WATER
SEDINENT
WATER

WATER
SEDINENT
WATER
SEDIMENT
SEDIMENT
SENINENT
S0IL
S0IL
S0IL
S0IL
S0IL
SOIL
S0IL
S0IL
S0IL
S0IL
S0IL

S0IL
SUIL
501L
S0IL
S0IL

(T ] \inumugs ———p

1786 /CONWRLIST1

GROUP: #4 SITE:

13:AREA 7 PLATING POND

COMP+ 4 GRABS
COMP. 4 GRABS
SINGLE SAMPLE

FLATING POND
PLATING POND
MONITOR WELL

SURFACE
0-1 FT
BAILER

A

A

i

N
K

GROUP: #4  SITE! 163AREA 7 INDUSTRIAL SITE
DITCH NO.1 COMP. 2 GRABS  SURFACE A N
DITCH NO.1 COMP, 2 GRABS  0-1 FT A K
DITCH NO.2 CONP, 2 GRABS  SURFACE A N
DITCH NO.2 COMP. 2 GRABS  0-1 FT A K
DITCH NO.2 CONP. 2 GRABS  O-1 FT F K
DITCH NO.4 COMP, 2 GRARS  0-1 FT A K
BLDG 3-4 FRONT COMP. 12 GRABS  SURFACE D I
BLDG 3-4 BACK  COMP, 6 GRABS  0-1 FT A J
BLDG 3-4 BACK  COMP. 6 GRABS  0-1 FT 6 J
BLDG 3-5 FRONT COMP. & GRARS  0-1 FT A
BLDG 3-5 BACK COMP. 12 G6RABS  SURFACE A 1
BLDG 4-4 FRONT COMP, 6 GRABS  0-1 FT A
BLDG 4-4 BACK  COMP. & GRABS  0-1 FT A J
BLDG 5-283 FRONT CONP. 12 GRABS  SURFACE D I
BLDG 5-283 FRONT COMP., 12 GRABS  SURFACE F I
BLDG 5-2%3 BACK COMP, 6 GRAES  0-1 FT A J
BLDG 4-1 CONTROL COMP, & GRARS  0-1 FT Ao
GROUF: #5 SITE}  17)JOB CORFS LANDFILL
S0IL GRID 1 CONP. 5 GRARS  0-1 FT AT
SOIL GRID 2 COMP. 5 GRABS  0-1 FT A1
SDIL GRID 2 COMP, 5 GRARS  0-1 FT 6 I
SOIL GRID 3 COMP, S GRARS  O-1 FT b 1
SOIL GRID 4 COMP, 5 GRARS  0-1 FY A

=

RS
RsS

POV DO D Voo™ o P o

M T O ;D

Mo K g P3¢ N~ EE e E

> 3¢ D€ g >

60
81
2

63
b4
63
&
382
70
)
72
583
73
74

c
v

76
77
384
78
79

80
81
589
82
81

19305
19304
9393

19307

19308
19309

19310 FUs
9267

9397

2398 DUPL
9399

9268 Fus
2400

9435

9435 SPKE
9437

94318 FUS
9269

Y439

7440

9441
9442
9270 DUPL
2443 DUPL
7444

k% 7/25/85
kix  7/25/85
’10

KX 7/25/835
x 7/25/85
kit 7/25/85
1 7/25/85
X1¥ 11/19/85
K1 7/25/85
k¥ 8/17/85
kix 8/17/85
31X 11/19/85
rx 8/17/85
k1x  8/17/85
tix 8/17/85
tir 8/17/85
k1x 8/17/85
¥1¥ 11/1%,/85
t1x 8/17/85
kix 8/17/85

X1k B8/16/83
% B/16/85
k1% 11/18/8y
¥1x 8/16/85
x1x 8/14/85

19233

19267

19227
19270

I ————

NO FUS REP.
Nerth 11/19/85



20 -
202 -
203 -
204 -
205 -
206 -
207 -
208 -
209 -
210 -
a1 -
22 -
213 -
214 -
215 -
216 -
A7 -
28 -
219 -
220 -
21 -
222 -
223 -
224 -
223 -
226 -
227 -
228 -
29 -
230 -
a1 -
232 -
233 -
234 -
25 -
236 -
37 -
238 -
239 -
240 -

(PAGE  4)

17- 5
17- &
17- 6
17- 7-
17- 8-
17- 9-
17- 10~
17- 11-
17- 12-
17- 13-

18- 1-
18- 2-
18~ 3-
18- 4-
18- 4-

19- 1-
19- 2-
19- 3-
19- 3-
19- 4-
- 3

b

10322 NAR 29y 1986 /CONWRLISTI

O et ;b s e

[ - S T

W b

S0IL
SDIL
SOIL
SOIL
WATER
RATER
WATER
WATER
WATER
WATER

SDIL
S0IL.
S0IL
SOIL
SpIL

S0IL
SO11.
S6IL
S0IL
S0IL

SOIL GRID 5 CONP, 5 GRABS  0-1 FT AT
BARE PATCH 1 COMP., 2 GRAES  0-1 FT b1
BARE PATCH 1 COMP. 2 GRABS  0-1 FT 6 I
BARE PATCH 2 COMP, 2 GRABS  SURFACE A I
WELL 17-1 SINGLE SAMPLE  BAILER e -
WELL 17-2 SINGLE SAMPLE  BAILER @ -
WELL 17-3 SINGLE SAHPLE  BAILER e -
WELL 17-4 SINGLE SAMPLE  BAILER @ -
POND NO.1 SINGLE SAMPLE  SURFACE A KN
POND NO.2 SINGLE SANPLE ~ SURFACE A KN
GROUP: #6& SITE: 1B!AREA 13 LOADING PLATFORM
LOADING DOCK N COMP, 20 GRABS  0-1 FT AJ
LOADING DOCK S COMP. 20 GRABS  0-1 FT N
LOADING DOCK E  COMP. 2 GRABS  0-1 FT Ao
LOADING DOCK W  COMP, 2 GRABS  0-1 FT A I
LOADING DOCK W COMP. 2 GRABS  0-1 FT F o1
GROUP: &6 SITED  19:AREA 13 BUNKER 1-3
SOIL GRID NE COMP. 14 GRABS  0-1 FT A
SOIL GRID SE  COMP. 14 GRABS  0-1 FT A J
SOIL GRID NW  COMP. 14 GRABS  0-1 FT N
SOIL GRID NW  COMP. 14 GRABS  0-1 FT FJ
SOIL GRID FRONT COMP. 10 GRABS  0-1 FT A
SOIL ER. PATCH TRANSECT COMP. 3 GRAES  0-1 FT Ao

SCIL

LI T Wem—ayn

411]
Pyl

GROUF:

#  SITES

JOSHUNITIONS CONTROL SITE

MUNITION CONTROL SINGLE SAHPLE

SURFACE

b

Do oo

U

[ -~ -~

e T < =<

> € il g <

84
85
o84
86
87
88
89
0
91
72

93
94
95
74
387

97
98
99
288
100
101

1062

7445

9444

21

2447 Fus
9448

9449

9450 LUFL
9451

3248

1249

9452 Fs
9453 QUPL
9454

2433

9272

¥436

9457

9458

9273

9459 SFKE
9460 Fus

9451 DUPL FWS

kK1x 8/16/65
K1r 8/14/85
1% 11718785
Kx B8/16/85
010
010
01.
010
Xt 7/25/85
kix 7/25/85

¥ix B/15/85
kix 8/15/3%5
¥ix 8/13/85
t1x 8/15/35
¥ix 11/19/35

¥1x B/16/85
¥x 8/16/85
kit 8/16/85
kX 11/19/85
¥ 8/16/85
kit 8/16/85

x1x 8/16/85

L XY

19219

19223

19268

19289 BUNKER 1-11

rgpama



241 -
242 -
243 -
244 -
245 -
246 -
247 -
248 -
249 -
290 -
251 -
252 ~
253 -
24 -
295 -
256 -
257 -
258 -
29 -
260 -
261 -
262 -
263 -
264 -
265 -
268 -
267 -
248 -
269 -
270 -
27 -
272 -
273 -
274 -
275 -
276 -
277 -
278 -
27% -
280 -

(PAGE

30-
30-

21-
21-
21-
21-
21-

22-
22-
22-

24-
24-
u-

25
&~

25-

]

L Q11T g

Wgbe wamined

LT ) )

[~ W ==~

QR
R

10:22 HAR 29, 1986 /CONWRLIST1

1- 7 SDIL  MUNITION CONTROL SINGLE SAMPLE  SURFACE 6 -

2- 9 WATER MUNITION CONTROL SINGLE SAHPLE  BAILER I -
GROUP: 47 SITE?  213SOUTHEAST CORNER FIELD

1- 1 SO0IL TRANSECT 1 COMP, 6 GRABS  O-1 FT A

- & SOIL TRANSECT 1 COMP. & GRABS  0-1 FT Food

1- 1 SOIL TRANSECT 2 COMP. 6 GRABS  0-1 FT A

- 1 S0IL TRANSECT 3 COMP. & GRABS  0-1 FT A J

1- 1 501t TRANSECT 4 COMF. 6 GRABS  0-1 FT A d
GROUP: 48 SITE!  22:0LD REFUGE SHOF

2- 1 WATER POOL WATER SINGLE GRAB SURFACE A KM

3- 1 SEDIMENT STREAM SEDINENTS COMP, 2 GRABS  0-1 FT A

3- & SEDIMENT STREAM SEDIMENTS COMP, 2 GRABS  0-1 FT F K
GROUP: 48 SITE?  24:PEPSI-UEST

2- 1 WATER PEPSI-WEST COMP. 3 GRABS  SURFACE A KiN

3- 1 GEDIMENT  PEPSI-WEST COMF. 3 GRABS  0-1 FT A

3- 6 SEDIMENT  PEPSI-WEST CONP. 3 GRABS  0-1 FT F K
GROUP: #8 SITE?  25:C.0. CREEK AT MARION LF

2- 1 WATER  COC DOWNSTREAM COMP, 3 GRABS  SURFACE A KN
3- 4 SEBIMENT COC DOMNSTREAM  COMP. 3 GRARS  0-1 FT B
3~ 7 SEDIMENT COC DOWNSTREAM COMP. J GRABS  0-1 FT 6 K

-

b=

- g =€ g =

L =0 —

= =

==

389
103

104
990
105
106
107

108
109
991

110
m
393

112
113
994

9274
2462

9463 DUSP
9275
7464
2463
7466

3256
3384
9276

3254
am
9278 SPKE

3243
3188
9279

FWs

WS

kX 11/19/85
010

1% B/14/35
11X 11/19/85
kit B8/14/35
¥1x 8/14/85
¥ix B/14/35

kit 7/25/85
kix 7/25/85
$1x 12/05/85

kx 7/25/85
k¥ 7/25/85
k1t 12/05/8%

kX 7/25/85
kx 7/25/85
x1x 12/05/85

19224 1sts SPKE 14138
4th FROM RD,

6th FROM KD,
Bth FRON RIN

19242



LLL

281 -
282 -
283 -
284 -~
285 -
286 -
287 -
288 -
289 -
290 -
291 -
292 -
293 -
294 -
295 -
296 -
297 -
298 -
299 -
300 -
Jo1 -
302 -
303 -
304 -
305 -
306 -
307 -
308 -
309 -
310 -
31 -
312 -
313 -
314 -
315 -
3146 -
317 -
318 -
319 -
320 -

(PAGE

25
25-
25-
25-

26~
26-
26-

26

27-

7

8-
28-
28-
28-
28-
28-
28-
28-
28-
28-
28-
28-

8)

e
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1
1
1
1

[ ]
t
— s

—
et Pt s SO WO T e T e N e B

A g =

WATER  COC UPSTREAN COMP, 3 GRABS  SURFACE A -

SEDIMENT COC UPSTREAN CONP, 3 GRABS  O-1 FT A -

WATER LF POND CONP, 3 GRABS  SURFACE A KN

SEDIMENT LF POND COMP. 3 GRAES  0-1 FT A K
GROUP: #8 SITE?  24:C.0. CREEK BELOW MARION ST

WATER COC AT S. CARBON COMP, 3 GRABS
SEDIMENT COC AT S. CARBON COMP. 3 GRABS
WATER COC AT COURT ST,
SEDNIMENT COC AT COURT ST.

S0IL
S0IL
80IL
SOIL
S0IL
S0IL
S0IL
WATER
WATER

COMP, 3 GRARS
COMP, 3 GRABS

SURFACE
0-1 FT
SURFACE
0-1 FT

GROUP?

8

SITES

27:C.0. CREEK BELOW 157 DREDG

NATER COC AT CHAMMNESS COMP, 3 GRABS  SURFACE A KsN  RsS
SEDIMENT COC AT CHAMMNESS CONP. 3 GRABS  O-1 FT b K RsS
GROUP: §9  SITE:  28IVATER TOWER LANDFILL
MAIN GULLY CONP. 8 GRABS  0-1 FT | I RsS
TRANS, GULLY  COMP. & GRABS  0-1 FT A DK PR
TRANS, GULLY  COMP. & GRABS  0-1 FT 6 LK FBEK
SOIL GRID 1 COMP, & GRABS  0-1 FT A a
SOIL GRID 2 COMF. &6 GRABS  0-1 FT A a
SOIL GRID 3 COMP, & GRABS  0-1 FT A a
SOIL GRID 4 COMP. 6 GRABS  0-1 FT A 0
WELL 28-1 SINGLE GRAR BAILER s - v
HELL 28-2 SINGLE GRAR BAILER 5 - v
50IL SOUTH END OF DITCH GRAB 0-1 FT A DK PR
SOIL  NORTH END OF DITCH GRAB 0-1 FT A DK PR
NORTH OF 28-4 GRAB 0-1 FT A1 P

SOIL

EE g T E &= =

=

E T g E o >X o< X 3¢ 3 5¢ X

114
115
116
117

118
119
120
121

122
123

124
125
396
126
127
128
129
130
13
132
123
134

9447

9468 DUPL

9469
2470

3244
3391
9471
9472

3245
1390

9473
7474
9281
24735
2476
9477
9478
7479
9480
9481
9482
2483

nusf

DUPIL

EPKE

SFKE

FuWS

FUS

FWS

8/13/85
8/13/85
8/13/85
8/13/83

3%
xx
3%
1 3} 4

7/25/85
7/23/85
8/13/85
8/13/85

¥
b 384
kix
xix

kX
¥z

7/25/85
7/25/85

rix 8/14/83
¥t 8/14/33
kix 11/19/85
¥1x 8/14/85
1x 8/14/85
¥1x 8/14/85
¥k B8/14/85
1
.10
Kx
KX
3% 4

8/14/85
B/14/85
8/14/85

19

19263

19

3

291

]
'

69

19215 SPKE B3976
19256



32t -
322 -
323 -
324 -
325 -
326 -
327 -
328 -
329 -
330 -
33 -
332 -
333 -
334 -
335 -
336 -
337 -
338 -
339 -
340 -
341 -
342 -
343 -
344 -
345 -
346 -
347 -
348 -
349 -
350 ~
351 -
3952 -
353 -
354 -
I55 -
356 -
157 -
358 -~
359 -
360 -

0 h—
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28- 12-
28- 13-
28- 14-

29 1-
29- 2-
29- 2-
29- 3
29- 4-
29- 5-
29~ 6-
29- 7~
29- 8-
29- 9-
29-
29-

32- 1-
32- 2-
32- 3-
32- 4
32- 5
32- &
32- 7-
32- 8-
32- 9-
I2-
32-
32-
12- 13-

- A gt 1ol
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1- 1 SDIL NORTHWEST OF 28-3 GRAR 0-1 F1 A
1- t S0IL N. FIELD-OLD 28-9 GRAB 0-1 F1 A
I~ 1 S0 GULLY GRAB 0-1 FY A DX
GROUPY #10 SITE?  291FIRE STATION LANDFILL
1~ 1 S0IL EAST FACE 1 COMP, 12 GRABS  0%1 FT A 1
- 1 SoIL EAST FACE 2 CONP. 12 GRABS 031 FT Aol
1~ 7 SOl EAST FACE 2 COMP, 12 GRABS 081 FT 6 I
1- 4 SOIL EAST FACE 3  COMP. 12 GRABS 081 FT b I
- 1 Sson EAST FACE 4  COMP, 12 GRABS  O%1 FT A1
- 1 S0IL NORTH FACE 1  CONP, 12 GRABS 011 FT I
1- 4 S0IL NORTH FACE 2 COMP, 12 GRABS  OR1 FT I
- 1 SoIb NORTH FACE 3  COMP. 12 GRARS 01 FT A
2- 19 WATER WELL 29-1 SINGLE GRAR BAILER 5§ -
2- 19 WATER WELL 29-2 SINGLE GRAR BAILER 5 -
2- 19 WATER WELL 29-3 SINGLE GRAB BAILER 5 -
2- 19 WATER HELL 29-4 SINGLE GRAB BAILER s -
GROUP: #11 SITE! 3I21AREA 9 LANDFILL
- 8 SoIL S0IL GRID 1 COMP.@L/DEPTHS  O-12FT H LM
1- 3 SuIL  SOIL GRID 1-0 TOP CORE COMP. Q-6 INCH € I
f- 3 SO0IL  SOIL GRIB 1-1  MID CORE CONP. &-6,5FT € LsM
{- 3 S0IL  SOIL GRID -2  BOT CORE COMP. 11.5-12° € L.H
- 8 SO0I. SOIL GRID 2 COMP.@1‘DEPTHS  0-12FT H LM
- 3 60IL  SOIL GRID 2-0  TOF CORE COMP, O-8 INCH C I
1- 3 501  SOIL GRID 2-1  MID CORE COMP, 6-6,0FT L LM
1- 3 S0IL  SOIL GRID 2-2  BOT CORE COMP. 11.5-12° C L.M
1- 8 SOIL SOIL GRID 3 COMP.@1'DEPTHS  0-12FT H LM
- 3 S0IL  SOIL GRID 3-0 TOP CORE CONP, 0-6 INCH C I
1- 3 S0IL  SOIL GRID 3-1  MID CORE COMP, 4-6,5FT € <LiM
1- 3 G0IL  SOIL GRID 3-2 BOT CORE COWP, 11.5-12° C LM
i1- 8 SOIL SOIL GRID 4  COMP.@1'DEFTHS  0-12 FT H LM

c<<c=twvYWmHTH VDO

- B e - B B e D B B

=

T T g E pc > > > > > 3¢ XX

N N NN NN NNy N

135
134
137

138
139
597
140
141
142
143
144
145
146
147
148

149
150
151
132
133
134
135
156
157
138
139
160
151

9484
9485
9486

9487 SPKE
2488
9282
9489
9490
9491
9492
9493
7494
9495
2496
9497

DUPL

Fus

7498
2499
9500 DUPL
10640
10641
10642
10643
10644
10645
10646
10647
10648
10649

3%

8/14/83

X1x 8/14/85
k1x 8/14/85

x 8/13/85
¥r 8/13/85
k% 11/19/35

38
¥
3% ¢
k1%
9} 4
010
01.
.1.
010

b 4%
L3}
X%
kix
3%
3% |
¥ix
91 ]
kX
130 ¢
3% 4
b 3% 4
kX

8/13/35
8/13/35
8/13/85
8/13/35
8/13/85

8/24/85
8/24/85
8/24/85
8/24/83
B8/24/85
8/24/85
8/24/85
8/24/85
8/21/85
8/21/85
8/21/85
8/21/85
8/21/85

19

19

19

L)
-

&y
4

2

88

87

a0



48 mmiannl

J61 -
362 -
363 -
364 -
365 -
366 -
367 -
368 -
369 -
370 -
n -
372 -
373 -
324 -
3n -
376 -
377 -
378 -
379 -
380 -
a8t -
182 -
383 -
384 -
385 -
386 -
387 -
388 -
389 -
390 -
I91 -
392 -
393 -
394 -
395 -
396 -
397 -
398 -
399 -
400 -

thmame s
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32~ 14-
32~ 15-
32~ 16-
32- 17~
32~ 18-
32~ 19-
32- 20-
32- 21~
32- 22-
32- 23-
32- -
32- 5
32- 26-
32~ 27-
32- 28-
32- 29-
32- 30-
32~ 31-
32- 12-
32~ 33-
32- 34~
32- 35-
32- 36-
32- 37-
32- 18-
32- 39-
32- 40-
32~ 41-
32- 42-
32~ 43-
32~ 44-
32- 45-
32~ 46~
32~ 47-
32~ 48~
32- 49-
32~ 50-
32- 51-
32- 52-
32- 53-

W -y & i

tr semmmpd e 4 L
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SOIL
SOIL
SoIL
SOIL
SOIL
SOIL
SoIt.
Soll.
SoIL
SOIL.
SOIL
SoIL.
SOIL
SOIL
soIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
S0IL.
S0IL
SOIL
Son.
SoIL
SOIL
SoIL
3- 1 SEDIMENT
3- 1 SEDIMENT
3- 1 SEDIMENT
3- 1 SEDIMENT
3~ 1 SEDIMENT

—
1
PR P P PO P O G G 0O O g W 0O O g N OO Gl Gl O 00 O gy G QO G g T

3~ 1 EEDIMENT
3- 1 GEDINENT
3- 1 EEDIMENT
3- 1 SEDIMENT

3-= 1 EEDIMENTY
3- 1 GERIMENT

SOIL GRID 4-0
SOIL GRID 4-1
SOIL GRID 4-2
S0IL GRID 5
SOIL GRID 5-0
SOIL GRID 5-1
S0IL GRIB 5-2
S0IL GRID &
SOIL GRIP 6-0
SOIL GRID é-1
S0IL GRID 6-2
SOIL GRID 7
SOIL GRID 7-0
S0IL GRID 7-1
SOIL GRID 7-2
S0IL GRID 8
S0IL GRID 8-0
SOIL GRID 8-1
SOIL GRID 8-2
SOIL GRID ¢
S0IL GRID 9-0
SOIL GRID 9-1
S0IL GRID 9-2

TOP CORE COMP.
HID CORE COWP.
BOT CORE COMP.
COMP . @1'DEFTHS
TOP CORE COMP.
HID CORE COMP.
BOT CORE CONP,
CONP .01/ DEPTHS
TOP CORE COMF.
KID CORE CONP.
BOT CORE COWP.
CONP.@1/DEFTHS
TOP CORE CONF.
NID CORE COMP.
BOT CORE COHP.
COMF @1/ DEPTHS
TOP CORE COMP.
MID CORE CONP.
BOT CORE CONP.
COMP, @1’ DEPTHS
TOP CORE COMP.
NID' CORE CONP.
ROT CORE COHP.

NORTH TRANSECT 1 COMF.@3'INTRUL
NORTH TRANSECT 1 CONP.@3’INTRVL

EAST TRANSECT 1
EAST TRANSECT 2

CONP. @37 INTRVL
CONP .83/ INTRVL

SOUTH TRANSECT 1 COMP.@3’ INTRWL
SOUTH TRANSECT 2 COMP.@3 INTRVL

INT, CREEK 1-0
INT, CREEK 1-1
INT, CREEK 1-2
INT. CREEK 2-0
INT, CREEK 2-1
INT. CREEK 2-2
INT, CREEK 3-0
INT. CREEK 3-1
INT, CREEK 3-2
INT. CREEK 4-0
INT. CREEK 4-1

GRAR
GRAE
GRAB
GRAB
GRAB
GRAB
GRAR
GRAR
GRAB
GRAB
GRAR

0-6 INCH
8-6,3 FT
11,5-12°
0-12 F1
0-6 INCH
8-6:9 FT
11,5-12/
0-12 FT
0-5 INCH
6‘605 FT
11.5-12
0-12 FT
0-6 INCH
6-6.5 F1
11,5-12/
0-12 FT
0-4 INCH
6-6.5 FT
11,5-12
0-12 FT
0-6 INCH
6'605 FT
11,5-12*
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
3 FEET

& FEET
SURFACE
3 FEET

6 FEET
SURFACE
3 FEET

& FEET
SURFACE
3 FEET

D>TPTD>PT D> >Tm T ™o 00O O OO0 00 e ™

LiH
LM
LN

Lo M
LM
Lot

LeN
LM
LsH

L
Ly¥
LM

L

LM

LiM
1

[
-
= =

K
JiKrly
JiKsLs

bk
JKils
JrsLy

hK
JrKsly
DKLy

JiK

JrKaLy

B - Bt e - s - B = i - Bn~ B - B i - B s - - T B T - B0 B - B, - R =)

= =

Do Xy 0 m
-

o0 9 o9 o
-

- =
o =

=
-
-

0k
UTIN
0sR
R
0k
asR
R
@R
@R
@R

NN AN N N RN PN R e e = N g N g N g N NN R N R N R N RN g NN g N

162
163
144
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
194
197
198
199
200
201

10650

10651

10652

10633

10654 DUPL
10453

10656

10457

104658 Fus
10659

10660 DUFL
10661 BUFL
10662

10663

10664

106435 SFKE
10666 SPKE
10667 Fus
10648

10869 FWs
10670 FUs
10671

10672

10673

10674

10675

10674

10677

10678

10679

10480

10681

10482 FUs
10483

10684

10685 DUFL
10684

10487

10488 Fus
10689

3%
3}
b3}
3% 4
kix
L3}
ki
1
X1
3% 4
kix
tx
 §% |
3} |
kX
tx
%
b 3%
¥1%
xix
X%
kix
Ky
*x
9} |
L33
38 4
¥
kX
3}
kix
L3t
L3¢
9% ¢
3% |
98 ¢
kX
3% 4
i
1§ ¢

8/21/35
8/21/8%
8/21/335
8/22/85
8/22/33
8/22/8%
8/22/35
8/22/835
$/22/35
8/22/33
8/22/35
8/22/835
8/22/35
B/22/85
8/22/85
8/21/835
8/23/835
8/23/83
8/23/85
8/23/83
8/23/835
8/23/83
8/23/83
8/19/85
8/19/835
8/19/85
8/19/83
8/19/83
8/19/83
8/22/83
8/22/85
8/22/83
8/22/B5
8/22/89
8/22/85
8/22/85
8/22/85
8/22/8
B8/23/85
8/23/83

19249

19251
19252

19281
19280

19257

mmanf



401 -
402 -
403 -
404 -
405 -
406 -
407 -
408 -
409 -
410 -
M1 -
42 -
a3 -
M4 -
A15 -
A14 -
a7 -
A18 -
A19 -
420 -
421 -
422 -
423 -
424 -
425 -
426 -
427 -
428 -
429 -
430 -
31 -
432 -
433 -
434 -
435 -
436 -
437 -
438 -
439 -
440 -

1 ——

iy
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32- 54-
32- 55-
J2- 56~
32- 57-
32- 58-
32- 59-
32- 60-
32- 61-
32- 62-
32- 43-
32- 64-
32- 65-
32- 66-

B 1-
n- 2-
n- -
- 4-
W- 5
- 6
n- 7-
n- 8-
- 9-
- 10-
- 11-
- 12-
- 13-
3~ U4-
33 15-
13- 14-
- 17-
33- 18-
- 19-
- -
3- 21-

GRAB

GRAB

GRAB

GRAB

GRAB

GRAB

GRAB
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAHPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE

6 FEET
SURFACE
J FEET
& FEET
SURFACE
3 FEET
6 FEET
BAILER
BAILER
BAILER
SURFACE
SURFACE
SURFACE

ot I ot My DN D > >

JiKsLy
JiK
J1Ksly
JiKsly
JrK
JiKsly
JsKsLs

K o e )

asR
MR
2:R
R
R
sk
R

—_ e O s S

#11 SITE:

J3LAREA 9 BUILDING COMPLEX

1 SEDIMENT INT. CREEK 4-2

1 SEDIMENT INT. CREEK 5-0

1 SEDIMENT INT. CREEK 5-1

1 SEDIMENT INT. CREEK 5-2

4 S:DIMENT INT. CREEK 6-0

4 SERIHENT INT, CREEK é-1

4 SEDIMENT INT. CREEK 6-2

? WATER WELL 1

?  WATER WELL 2

9 WATER WELL 3

1 SO0IL YELLOW SPOT

2 SOIL  BEFORE CLEANING

2 SOIL  AFTER CLEANING
GROUP?

2 soiL woc, 1 - I-1-

2 SOIL LOc, 1 - I-1-

2 SOIL wiee 1 -1I-1-

2 s0IL Loce 2 - I-1-

2 S0IL Loe. 2 - I-1-

2 §son toc. 2 - I-1-

2 SOIL LIC, 3 - I-i-

2 §0IL Loc. 3 - I-1-

2 S0IL o6, 3 - I-t-

2 SOIL LOE. 4 - I-1-

2 s ouie, 4 - I-1-

2 SOIL Loc. 4 -1I-1-

2 S0IL LOC, 5 - I-1-

2 SOIL Lec. § - I-1-

2 S0IL LoC, S5-I+

2 SOIL oc. &6 -1I-1

2 SOIL LOC, 7-1I4

2 §oI. woc. 7-1I-1

2 SOIL LoC. 7 -1+

2 §on. oc, 8- I-1-

2 S0It Loc., 8- I-l

25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
25 CORE VERTICAL
- 29 CORE VERTICAL
-1- 25 CORE SURFACE

- 25 CORE VERTICAL
- 25 CORE VERTICAL
- 25 CORE VERTICAL

25 CORE VERFICAL

- 29 CORE VERTICAL

O o W e O D o W ey O o O Ty o O

Ji
Jol

Jrl
Il

Jiif
Jrl§

N
Ji¥

Jr i
Jrf
Ji it
JiK

Ji

at
01
01
a1
1
a1
o1
a1
1)
01
1)
o
a1
o
a1
@1
01
al
1)}
a1
ol

PN N AN RN AN RN RN RN AN NN NN

EE e e NN NN

202
203
204
205
206
207
208
209
210
241
558
539
360

212
213
214
215
218
217
218
219
220
22

222
22

224
225
226
227
22

2

230
241

232

10690
10691
10692
10493

DUPL

10694 SPKE

10893
10696
10697
10498
10699
44701
45702
44703

10700
10701
10702
10703
10704
10705
10704
10707
10708
10709
10710
10711
10712
10713
10714
10713
10716
10717
10718
10719
10720

DUFL

DUFL

F¥S

kx
3%
9% |
X
AR
i
ki
1
010
1
iz
3%
1%

kit
3% |
X1t
384
X
X
X1k
138 4
kix
9% 4
3%
K1
¥ix
rx
K1k
X
KX
X
3% ]
X
3%

8/23/63
8/23/83
8/23/85
87237835
B/23/83
8/23/85
8/23/85

8/26/85
8/26/85
B8/26/83

9/23/85
2/23/8%

/23/85
9/23/35
9/23/85
9/23/35
9/23/35
9/23/35
9/23/85
9/23/35
9/23/35
?/23/85
9/23/85
9/23/35
¥/23/85
9/23/85
9/23/85
9/23/35
9/23/85
9/23/35
9/23/85

19

258

19228

229

Cr 1Y



h vaanl

a1 -
M2 -
M3 -
A -
a5 -
446 -
47 -
A48 -
49 -
450 -
451 -
452 -
453 -
454 -
455 -
456 -
457 -
458 -
459 -
450 -
a81 -
462 -
483 -
a64 -
465 -
A64 -
a7 -
468 -
469 -
a70 -
an -
472 -
a73 -
a74 -
475 -
476 -
a7 -
478 -
479 -
480 -

iy

(PAGE 12)

33- 22-
33- 23-
33~ 24-
33- 5-
33- 26-
33- 27-
33- 28-
33- 29-
33- 30-
13- 31-
13- 32-
33- 13-
33- -
33- 35~
33- 36-
33- 37
33- 18-
13- 39-
33- 40-
33- 41-
33- 42-
33- 43-
33- 44-
33- 45~
33- 46-
13- 47-
33- 48-
33- 49-
33- 50-
33- 51-
33- 52-
34- 53~
33- 54-
33~ 55
33~ 56~
33- 57-
13- 58-
33- 59-
33- 60~
13- 61-

i
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SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
8011,
SOIL
SOIL.
SOIL
SOIL
SOI1
1) (1
SOIL.
SOIL
SOIL.
SOI.
S0I4.
SOIL
SOIL
SOIL
SOIL
SOIL
SOI1.
SOIL
SOIL
S0IL.
Soll.
SOIL
So1l.
s0I0
SOI1.
SOIL

Loc,
Loc.
Loc.
Lac.
Loc.
Lo,
Loc.
Lec.
Loc,
Loc,
Loc,
Loc.
Lac.
Loc,
Loc.
Loc.
Loc,
Loc.
Loc,
LDC'
Loc,
Luc.
Loec.,
Lac,
Loc.
Loc,
Loc,
Loc,
Loc.
Luc,
Lac.
Loc.
LOC.
Loc,
LBC,
Loc.
Loc,
Lec.,
Loc.
Lec.

8 - I-1- 25 CORE VERTICAL
9 - I-1- 25 CORE SURFACE
10 - I-1- 25 CORE SURFACE
11 - I-1- 25 CORE SURFACE

12 - I-1- 25 CORE SURFACE

13 - I-1- 25 CORE SURFACE

14-1-1-23 DITCH

15 - I-1- 23 CORE SURFACE

16 - I-1- 64 DITCH

17 - I-1- &4 CORE SURFACE

18 - I-1- 22 DITCH

19 - 1-1- 21 DITCH

20 - I-1- 21 CORE VERTICAL
20 - I-1- 21 CORE VERTICAL
20 - I-1- 21 CORE VERTICAL
21 - I-1- 21 CORE SURFACE

22 - I-1- 21 CORE SURFACE

23 - STAGING DITCH

24 - STAGING DITCH

25 - 1-1- 24 CORE VERTICAL
25 - 1-1- 24 CORE VERTICAL
23 - 1-1- 24 CORE VERTICAL
26 - I-1- 24 CORE VERTICAL
26 - I-1- 24 CORE VERTICAL
26 - I-1- 24 CORE VERTICAL

27 - I-1- 24 CORE VERTICAL
27 - 1-1- 24 CORE VERTICAL
27 - I-1- 24 CORE VERTICAL
28 - I-1- 24 CORE VERTICAL
28 - I-1- 24 CORE VERTICAL
28 - I-1- 24 CORE VERTICAL
29 -1-1- 24 DITCH
30 - I-1- 24 DITCH
31-1-1-24 DITCH
R-1-1-24 DITCH

33 - I-1- 20 CORE SURFACE
34 - I-1- 20 CORE SURFACE
33 - I-1- 20 CORE SURFACE
36 - 1-1- 20 CORE SURFACE

37 - I-1- 19 CORE SURFACE

D T T O D e T oW W Dm0 T m T et oy 0o B0 oy OO oo O oo T

-
L_zzg_zc._’tt__t_:_:_g_;‘

e el Koo R o=

a1
at
a1
i1
1)}
a1
al
131
at
1)1
o
1]
1
a1
o1
a1
a1
it
01
ot
o1
it
ot
o
01
01
a1
at
o1
a1
fit
(1)1
a1
a1
ol
ol
(1)1
at
01
a1

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
23
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
m
272

10721
10722
10723
10724
10725
10726
10727
10728
10729
10730
10731
10732
10733
10734
10735
10734
10737
10738
10739
10740
10741
10742
10743
10744
10745
10746
10747
10748
10749
10730
16751
10752
10753
11541
11642
11643
11644
11645
11646
11647

DUPL

SPKE

oupL

DUPL

SPKE

SFKE
RUFL

FWS

FuS

FWS

kx
(3% ]
L3 4
4} ]
k1%
 $3 4
kix
e
nx
3% 4
KX
x
38
31 4
Kix
113
Kl
3} §
3t
1y
X
X
A1
4% §
KX
Hx
k1%
1x
9% |
¥t
KX
Xix
¥1x
x1x
43 |
31X
L3k
iz
iz
1x

9/23/85
9/23/33
9/23/15
9/23/35
9/23/85
9/23/83
9/23/85
9/23/35
9/23/335
9/23/83
9/23/35
9/23/35
9/24/35
9/24/35
9/24/35
9/24/83
9/24/35
9/23/85
9/23/85
9/23/83
9/23/85
9/23/B3
9/23/85
9/23/85
9/23/85
9/23/835
$/24/B5
9/24/835
9/24/B5
9/24/83
9/24/85
9/24/83
9/24/85
9/24/83
9/24/45
9/24/83
9724785
9/24/83
9/24/85
9/24/835

19230

19270

19231

1921

19272
19233



481 -
482 -
483 -
484 -
485 -
486 -
487 -
488 -
489 -
490 -
491 -
492 -
493 -
494 -
495 -
496 -
497 -
498 -
499 -
500 -
501 -
502 -
503 -
504 -
505 -
506 -
507 -
508 -
509 -
510 -
511 -
512 -
513 -
514 -
515 -
514 -
517 -
518 -
519 -
520 -

W
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33- 62-
33~ 63-
33~ 64-
33~ &5
33- 66-
33~ 47-
33~ 68-
33~ 69-
33~ 70-
33~ 71-
33~ 72-
13- 13-
33~ 74-
33- 75-
33~ 76-
13- 77-
33~ 78-
34- 79-
33- 8O-
33- 81-
33- 82-
33- 83-
33- B4-
34- 85~
33- 84~
33- 87-
33- 88-
33- 89-
33- 90-
33- 91-
33- 92-
33- 93-
33- 94-
I3- 95-
33~ 96-
13- 97-
13- 98-
33- 99-
33-100-
33-101-

Buiwmsh

10122 MAR 29y 1986 /CONWRLISTL

RN PR NN RO PN RN RO RO RN AR RON PR PN PN RN RN R ORI RS N N

SOIL
son
soIL
S0IL.
s0IL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
S0IL
SDIL
SOIL
S0IL.
S0IL
son.
SOIL
SOIL
S0IL
5011
SOIL
SoIL
S0IL
soI1.
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
S0IL
SOIL
S0IL

Loc,
Loc.
Lac.
Luc,
Lac.
Loc.,
Lac.
Lac,
Lac,
Loc.
Loc,
Lac,
LOC.
Loc,
LOC,
Loc.
Lot
Lac,
Loc,
Lac.
Loc,
Loc,
Loc.
Loc,
Loc,
LOC.
Loc,
Lec.
LOC,
Loc.
LoC,
1.0C,
L.oc.
Lac.
1.0C.,
1.0C.,
1.0C.,
1.OC,
1.0C.,
+0C,

38 - I-1- 2 CORE VERTICAL
38 - I-1- 2 CORE VERTICAL
38 - I-1- 2 CORE VERTICAL
39 - I-1- 2 CORE SURFACE
40 - I-1- 2 CORE SURFACE
41 - I-1- 2 CORE VERTICAL
41 - I-1- 2 CORE VERTICAL
41 - I-1- 2 CORE VERTICAL
42 - 1-1- 2 CORE SURFACE
43 - I-1- 2 CORE SURFACE
44 - I-1- 2 CORE VERTICAL
44 - I-1- 2 CORE VERTICAL
44 - I-1- 2 CORE VERTICAL
45 - I-1- 2 CORE SURFACE
96 - I-1- 2 CORE VERTICAL
96 - I-1- 2 CORE VERTICAL
56 - I-1- 2 CORE VERTICAL
97 - I-1- 2 CORE SURFACE
38 ~ I-1- 2 CORE SURFACE
46 - I-1- 5 CORE VERTICAL
46 - I-1- 5 CORE VERTICAL
46 - I-1- 5 CORE VERTICAL
47 - I-1- 5 CORE SURFACE
48 - I-1- 5 CORE SURFACE
49 - I-1- 5 CORE VERTICAL
4% - I-1- 5 CORE VERTICAL
49 - 1-1- 5 CORE VERTICAL
30 - I-1- 5 CORE SURFACE
51 - I-1- 5 CORE VERTICAL
51 - I-1- 3 CORE VERTICAL
51 - I-1- 5 CORE VERTICAL
32 - I-1- 9 CORE SURFACE
53 - I-1- 5 CORE SURFACE
54 - I-1- 35 CORE VERTICAL
94 - 1-1- 35 CORE VERTICAL
94 - I-1- 35 CORE VERTICAL
95 - I-1- 35 CORE SURFACE
39 - I-1- 1 CORE SURFACE
60 - I-1- 1 CORE SURFACE
61 - I-1- 1 CORE SURFACE

0-1 FoOT
1-2 FEET
2-3 FEET
0-1 FOOT
0-1 FoOT
0-1 FOOT
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273
224
275
276
277
278
279
280
281
282
283
284
285
286
287
2es
289
290
291
292
293
294
295
296
297
298
299
300
301
Jo2
303
304
305
306
307
308
309
310
£} 8
312

11648
11649
11650
11631 DUFL
11452
11653
11654
11433
11656
11457
11458
11459
11660
11661 DUPL
11662
11643
11664
11665 SPKE
11666
11647
11568
11449
11670
11671
11672
11673
11674
11673
11676
11677
11478
11479 DUFL
11480 SFRE
11681
11482
11683
11484
11685 BURL
11686
11487

FWSs

FUS

X
3} §
kit
L3¢
b 3¢
kit
kix
3} ]
3% ]
1nx
kit
3% |
¥t
ki
19} 4
¥ix
1nx
nx
Kix
3%
 J}
3%
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3% |
L3
11X
3} ]
ki
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nx
X
Xix
Kix
kX
¥k
KX
3% |
KX
kX

9/24/85
9/24/65
9/24/85
9/24/85
?/24/85
9/24/835
9/24/83
?/24/85
9/24/85
9/24/85
§/24/85
9/24/85
9/24/85
9/24/85
9/24/35
9/24/83
?/24/85
9/24/85
Y¥/24/83
9/24/85

/24785
9/24/85
9/24/835
9/24/85
9/24/85
9/24/85
9/24/85
9/24/83
9/24/85
9/24/85
9/24/85
9/24/85
9/24/85
7/24/85
$/24/85
9/24/85
9/24/85
9/24,/85
$/25/85

9/25/83

19

2

192

19

2

34

35

73

19234
19274

19

)
&~

37
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921 - 33-102- 1- 2 SOIL LOC. 62 - I-1- 3 CORE VERTICAL O-1FOOT B J a1 z J13 11688 SPRE KX 9/25/85 19275
322 - 34-103- 1- 2 SOIL LOC. 42 - I-1- 3 CORE VERTICAL 1-2FEET B JM 01 z 314 11689 kit 9/25/85
323 - 33-104- 1- 2 SOIL LOC, 62 - I-1- 3 CORE VERTICAL 2-JFEET B JH 0l 1 35 11690 Kk 9/25/85
524 - 33-105- 1- 2 SpIL LOC, &3 - 1-1- 3 CORE VERTICAL 0-1 FOOT B J 01 i 316 11691 DUPL tr 9725785 19238
925 - 33-106- 1- 2 SOIL LOC. 63 - 1-1- 3 CORE VERTICAL 1-2 FEEY B LK Q1 z 317 11692 kix 9/25/85
326 - 33-107- 1- 2 SOIL LOC. &3 - I-1~ 3 CORE VERTICAL 2-3FEET B J,HN @1 4 318 11693 nx 9/25/85
527 - 33-108- 1- 2 SOIL LOC. 64 - I-1- 3 CORE VERTICAL O0-1 FOOT B J M z 119 11694 FUs  &ix 9/24/85
928 - 33~109- 1- 2 S0IL LOC. &4 - I-1- 3 CORE VERTICAL 1-2FEET B JH @1 1 J20 11495 My 9/24/85
929 - 33-110- 1- 2 SOIL LOC. 44 - I-1- 3 CORE VERTICAL 2-JFEET B JH @ z 321 11696 Kix 9/24/85
330 - 33-111- 1- 2 S0IL LOC. &5 - I-1- 3 CORE VERTICAL 0-1 FOOT & J at z 322 11497 1 9/24/85
a3t - 33-112- 1- 2 SOIL LOC. 65 - I-1- 3 CORE VERTICAL 1-2 FEET B 0N 01 z 323 11698 kix  9/24/85
932 - 3-113- 1- 2 S0IL LOC. 65 - I-1- 3 CORE VERTICAL 2-3FEET B .M 01 Z 324 11699 X 9/24/45
333 - 33-114- 1- 2 S0IL LOC. 66 - I-1- 3 CORE VERTICAL (¢-1FOOT B J 1 z 325 17200 K1k 9/24/85
334 - 33-115- 1- 2 SOIL LOC. &6 - I-1- 3 CORE VERTICAL 1-2 FEET B .M Q1 z 326 11701 X 9/24/85
335 - 33116~ 1- 2 SOIL LOC. 66 - I-1- 3 CORE VERTICAL 2-3FEET Rk LM 01 z 327 11702 XK1k 9/24/85
336 - 33-117- 1- 2 SOIL LOC. &7 - I-1- 3 CORE VERTICAL 0-1FOOT B J 1 b 328 11703 DUFL 1x 9/24/85 19239
937 - 33-118- 1- 2 S0IL LOC. 67 - I-1- 3 CORE VERTICAL -2 FEET B Ui 01 Z 129 11704 k11X 9/24/85
538 - 33-119- 1- 2 S0IL LOC. &7 - I-1- 3 CORE VERTICAL 2-3FEET B U, @1 Z 330 11705 Kt 9/24/85
339 - 33-120- 1- 2 SOIL LOC. 68 - I-1- 3 CORE VERTICAL O-1FOOT B J a1 1 131 11706 SPKE kix  9/24/85 19276
540 - 33-121- 1- 2 SOIL LOC. 48 - I-1- 3 CORE VERTICAL 1-2 FEET B J/M Q1 z 32 1707 x 9/24/35
541 - 33-122- 1- 2 SDIL LOC. 6B - I-1- 3 CORE VERTICAL 2-3FEET B M 0 z 333 11708 X %/24/85
942 - 33123~ 1- 2 SOIL LOC. &9 - I-1- 3 CORE VERTICAL O-1 FOOT B J at z 134 11709 FWS  ¥1x  9/24/85
943 -  33-124- 1- 2 SDIL LOC. 49 - I-1- 3 CORE VERTICAL 1-2 FEET R JH @i z 335 1N k1% 9/24/85
944 - 33-125- 1- 2 SOIL LOC. &9 - I-1- 3 CORE VERTICAL 2-3 FEET B J# 01 z 336 11711 ¥ 9/24/85
945 - 33-126- 1- 2 SOIL LOC, 70 - I-1- 3 CORE SURFACE O-1 FOOT B J a1 z 337 112 kKix 9/25/85
546 - 33-127- 1- 2 S0IL LOC. 71 - I-1- J CORE SURFACE Q-1 FOOT R J | z 338 11713 DUFL Kk 9/25/35 19240
947 - 33-128- 1- 2 SOIL LOC, 72 - I-1- J CORE SURFACE 0-1 FOOT B J 1} z 339 1714 kix  4/25/85
348 - 33-129- 1- 4 S0IL LOC. 73 - I-1- 3 CORE SURFACE O-1FOOT B J )1 i 340 11715 ¥ 9/24/85
349 - 13-130- 1- 2 SOIL LOC, 74 - I-1- 3 CORE SURFACE 0-1FOOT B J a1 z 341 11716 DUFL kix 9/25/83 19241
350 - 33-131- 1~ 2 SOIL LOC. 75 - [-1- 3 CORE VERTICAL 0-1FOOT B J a1 z 342 1Ny My 9/23/35
951 - 33-132- t- 2 SOIL LOC. 75 - i-1- 3 CORE VERTICAL 1-2 FEET B LK @ z 343 11718 kir 9/23/85
992 - 33-133- 1- 2 S0IL LOC, 75 - I-1- 3 CORE VERTICAL 2-3FEET B MK Q1 A 344 11719 X1y 9/23/35
993 - 33-134- 1- 2 SOIL LOC. 76 - I-1- 3 CORE SURFACE  0-1 FOOT E a1 I 345 11720 DUFL Kx 9/23/85 19242
934 - 33-13%- 1- 2 S0IL LOC. 77 - I-1- 3 CORE VERTICAL O-1 FOOT R J ) z 346 11721 kix 97237335
955 - 33-134- 1- 2 SDIL LOC., 77 - I-1- 3 CORE VERTICAL 1-2 FEET B ¥ @1 z 347 11722 i 9/23/85
¥36 - 33-137- t- 2 SOIL LoC. 77 - I-1- J CORE VERTICAL 2-3FEET B LN @1 I 348 11723 1x 9/23/35
557 - 33-138- 1- 2 SDIL LOC. 78 - I-1- 3 CORE SURFACE O0-1FOOT & J a1 z 34% 11724 SPRE Kx 9/23/85 19277
958 - 33-139- 1- 2 SOIL LOC., 79 - I-1- 3 CORE SURFACE 0-1 FOOT R J a1 4 330 11725 FWS  x1x 9/23/35
559 - 33-140- 1- 2 SOIL LOC. 80 - I-1- 9 CORE VERTICAL O0-1FOOT R J a1 z 351 11726 ¥t 9/24/85
960 - 33-141- 1- 2 SOIl tOC. B0 - I-1- 9 CORE VERTICAL 1-2 FEET B LN Q1 z n2 11727 rix 9724735
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96t - 33-142- 1- 2 S0IL LOC. 80 - I-1- 9 CORE VERTICAL 2-3 FEET B b @1 z 353 11728 kK1x  9/24/835
962 - 33-143- 1- 2 SOIL LOC, 81 - I-i- 9 CORE SURFACE O-1FOOT B J a1 z 354 11729 Kx 9/23/35
963 - 33-144- 1- 2 SDIL LOC. 82 - I-1- 9 CORE SURFACE O-1FOOT B J a1 z 355 11730 ik 9/23/35
964 - 33-145- 1- 2 SOIL LOC, 83 - I-1-23C CORE VERTICAL 0-1 FOOT B J )] z 356 11731 TPt XK1x 9/25/85 19243
365 - 33-144- 1- 2 SOIL LOC. 83 - I-1-23C CORE VERTICAL 1-2 FEEY B MM 4l z 357 11732 Kx 9/25/85
966 - 33-147- 1- 2 SOIL LOC, 83 - I-1-23C CORE VERTICAL 2-J FEET B WN Q1 - Z 358 11733 ¥k 9/25/35
967 - 33-148- 1- 2 SOIL LOC, B4 - I-1-23C CORE VERTICAL O0-1 FOOT R J a1 z 109 11734 Kk 9/25/85
968 - 33-149- 1- 2 GOIL LOC, 84 - I-1-23C CORE VERTICAL 1-2 FEET B SN Q1 ) 360 11735 K 9/25/35
269 - 33-150- 1- 2 SOIL LOC. 84 - I-1-23C CORE VERTICAL 2-3FEET B LN @i z 361 11736 Xix  9/25/35
370 - 33-151- 1- 2 SOIL LOC, 85 - I-1-23C CORE VERTICAL 0-1FOOT B J 1)} z 362 11737 ¥x 9/25/35
a7t - 33-152- t- 2 SONL. LOC, 83 - I-1-23C CORE VERTICAL 1-2 FEET B Jsf (i z 363 11738 ¥ix  9/25/35
972 - 33-133- 1- 2 SOIL LOC, O3 - I-1-23C CORE VERTICAL 2-3FEET B .M 01 4 364 11739 kix 9/25/35
973 - 33-154- 1- 2 SOIL LOC. 86 - I-1-23C CORE VERTICAL 0-1 FOOT B J i z 365 11740 kix 9/25/83
974 - 33-155- 1- 2 GOIL LOC. 86 - I-1-23C CORE VERTICAL 1-2 FEET B LK @1 A 366 11741 TUPL E 9/25/85 19244
975 - 33-156- 1- 2 SOIL LOC. 86 - I-1-23C CORE VERTICAL 2-3FEET B JH Q1 4 367 11742 kix  9/25/35
96 - 33-157- 1- 4 SOIL LOC, 87 - I-1-23C CORE VERTICAL O-1 FOOT D J i z 368 11743 ¥y 9/25/85
977 - 33-158- 1- 2 SOIL LOC. 87 - I-1-23C CORE VERTICAL 1-2 FEET B JsH 01 1 369 11744 ¥k 9/25/85
578 - 33-159- 1- 2 SOIL 1OC, 87 - I-1-23C CORE VERTICAL 2-3FEET B .M @ Z 370 11745 i 9/25/85
979 - 33-160- 1- 2 SOIL LOC. 68 - I-1-23C CORE VERTICAL o0-1 FOOT B J 1)1 1 N 11746 kX 9/25/85
980 - 33-16t- 1- 2 8OIL LOC, 88 - I-1-23C CORE VERVICAL 1-2 FEET B .M 01 1 372 11747 ¥x  9/25/85
981 - 33-162- 1- 2 SOIL LOC, 88 - I-1-23C CORE VERTICAL 2-3 FEET E JL¥ 01 1 373 11748 tir 9/25/85
982 - 33-163- 1- 2 SOIL LOC. 89 - I-1-23C CORE VERTICAL 0-1 FOOT kB J at z 374 1174% IUPL kr 9/25/83 19243
o83 - 33-164- 1- 2 SOIL LOC. B9 - I-1-23C CORE VERTICAL 1-2 FEET B LK 01 1 375 11750 K1x %/25/85
984 - 33-145- 1~ 2 SOIL LOC., 89 - I-1-23C CORE VERTICAL 2-3 FEET B M 01 z 376 11751 kKt 9/25/85
285 - 33-166- 1- 2 SDIL LOC., 90 - I-1-23C CORE VERTICAL 0-1 FOOT B U | z 177 11752 FUs s1x 9/25/85
986 - 33-167- 1- 2 SOIL LOC. 90 - I-1-23C CORE VERTICAL 1-2 FEET B J¥ @1 z 378 11753 kix 9/25/85
387 - 33-168- 1- 2 SOIL LOC. 90 - I-1-23C CORE VERTICAL 2-3FEET B LN @ Z 379 11754 SFKE KX 9/23/85 19278
o88 - 13-169- 1- 2 S0IL LOC. 91 - I-1-23C CORE VERTICAL 0-1 FOOT B J a1 z 380 11735 kix 9/25/85
8y - 33-170- 1- 2 SOH. LOC, 91 - I-1-23C CORE VERTICAL 1-2 FEET B S 01 1 381 117546 SPKE ik 9/25/85 19279
390 -  33-171- 1- 2 S50IL LOC. 91 - I-1-23C CORE VERTICAL 2-3 FEET kK MM Q1 z 382 11757 K1y 9/25/85
991 - 33-172- 1- 2 S0IL LOC. 92 - I-1-23C CORE VERTICAL 0-1 FOOT R J 1 z 383 11758 Kx 9/25/85
992 - 33-173- 1- 2 SOIL LOC, 92 - I-1-23C CORE VERTICAL 1-2FEET B MWK @ z 384 11759 Hx 9/25/83
593 - 33-174- 1- 2 SOIL LOC, 92 - I-1-23C CORE VERTICAL 2-3FEET B JsH @1 z 385 11760 DUPL kix 5/25/85 19246
394 - 33-175- 1- 2 SOIL (OC., 93 - I-1-23C CORE VERTICAL oO0-1 FOOT B J 01 z 38 11761 x 9/25/85
995 - 33-176- 1- 2 SOIL LOC. 93 - I-1-23C CORE VERTICAL 1-2 FEET B ¥ 0Ol z 387 11762 KX §/25/85
396 - 33-177- 1- 2 SOIL LOC. 93 - I-1-24C CORE VERTICAL 2-3 FEET R MWK @ z 388 11743 Xix 9/25/85
397 - 33-178- 1- 2 SO0IL LOC, 94 - I-1-23C CORE SURFACE 0-1 FOOT Ek J a1 z 389 11744 kX 9/25/83
598 - 33-179- 1- 2 S0IL LOC. 95 - I-1-23C CORE SURFACE  0-1 FOOT B J i1 Z 390 11745 kX 9/25/85
399 - 33-180- 1- 2 SOIL LOC, 96 - I-1-23C CORE VERTICAL 0-1 FOOT R J at z 391 11766 DUFL kix 9/23/85 19247
400 - 33-181- 1- 2 GOIL LOC. 96 - I-1-23C CORE VERTICAL 1-2 FEET B LN Q1 z 392 11767 kX 9/25/8%
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i1- 2 SO0IL LOC. 96 - I-1-23C CORE VERTICAL 2-3 FEET B JsM
1- 2 S0IL LOC, 97 - I-1- 9 SURFACE COMP, O0-1 FOOT B J
i1- 2 SDI. LDC, 9B - I-1- 15 SURFACE COWP, O-1FDOT B J
1- 2 S0IL LOC., 99 - I-1- 1 SURFACE COMF, O-1FOOT B
1- 2 S0IL LOC. 100 - I-1- 29 SURFACE CONP, O-1 FOOT B J
1- 2 SOIL tOC. 101 - I-1- 8 SURFACE COMP, O-1 FOOT E
1- 2 SOIL LOC. 102 - I-1- & SURFACE COMP. 0O-1FOOT B J
GROUF: #11 SITE?  I5!AREA 9 EAST WATERWAY
3- 1 SEDINENT WATERWAY COMP. 5 GRARS  0-1 FT A 1
3- & SEDIMENT WATERWAY COMP, 5 GRABS  0-1 FT F oI
GROUP:  $12 SITE?  J41CRAB ORCHARD LAKE
2- 3 WATER  REFUGE INTAKE GRAR NA E -
2- 5 WATER  MARION INTAKE GRAB NA E -
2- 3 WATER FARION RES,-INTAKE GRAB NA E -
2- 5  WATER REFUGE TREATED H20 GRAR NA E -
2- 5 WATER MARION TREATED H20 GRAB NA £ -
2- 9 WATER LAKE 1 B COMP.3 DEPTHS SURF-0.8 FT I 0
2- 9 WATER LAKE 2 C COMP,3 DEPTHS SURF-0.8FT I O
2- 9 WATER LAKE 3 6 COMP.3 DERTHS SURF-0.8FT I O
2= 9 VATER LAKE 4 H CONP.3 DEPTHS SURF-0.8FT I 0
2- 9 WATER LAKE 5 A COMP,3 DEFTHS SURF-0,8 FT I D
2- 9 VWATER LARE 6 D COMP.3 DEFTHS SURF-0.B FT I D
2~ 9 WATER LAKE 7 E COHP.3 DEPTHS SURF-0.BFT I O
2- % VATER LAKE 8 F COMP.3 DEPTHS SURF-0.8FT I D
2= 9 WATER LAKE 9 1 COMP.3 DEFTHS SURF-0.8FT I O
2- 9 WATER LAKE 10J COMP.3 DEPTHS SURF-0.BFT I D
3-8 SEDINENT LAKE 1 B GRAR DRERGE H K
3- B8 SEDIHENT LAKE 2 € GRAB DREDGE H K
3~ 9 SEDIMENT LAKE 3 6 GRAB DREDGE T K
3~ 9 SEDIMENT LAKE 4 H GRAR DREDGE I K
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394
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548
598

413
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A18
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420
21
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11768
11769
11770
1771
11772
11773 DUpL
11774

3252

3251

3251

3246
1255
11788
11789 DUFL
117%0
11791
11792
11793 SPKE
11794
11793
11796
19159
19160
19161 IUPL
19162
19143
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X1z
L 3%
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9/25/85
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¥/25/85
9/25/35
9/25/85
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¥1X 11/18/85

KX
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3% 1
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11y
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010
01'
o1
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01'
01'
010
01’
010
010
010

7/24/85
7/24/83
7/25/85
7/24/83
7/25/85
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19248

Fesame, 9/24/85
Kessmr, 9/24/85
Resaar, 9/24/85

19218

19245
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34- 20-
34- 21~
34- 22-
34- 23-
- 24-
34~ 25-
34- 26-
34- 27-
34- 28-
34- 48-
34~ 4%-
34~ 50-
34- 29-
34~ 30-
M- 31-
34- 51-
34- 52-
34~ 53-
34- 32-
34- 13-
34- 34-
34- 54-
34- 55-
34- 35-
34- 36-
- 37-
34- 39-
34~ 60-
34- 41~
34- 38-
34- 39-
34~ 40-
34- 41~
J4- 54~
34- 57-
34~ 58~

3-
3-
3-
3-
13-
3-
4-
4
4
4-
4-
3-
4
4~
4
4-
4
4-
4
-
4-
4
4
A-
4
4-
4-
4-
4-
4-
4-
4-
4-
4-
4-
4

9 SEDIMENT
9 SEDIMENT
9 SEDIMENT
9 SEDIMENT
9 GEDIMENT
9 SEDIMENT
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20  FISH
8 FISH
20 FISH
8 FISH
20 FISH
20 FIEH
20  FISH
20 FISH
2  FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
2 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH
20 FISH

LAKE 5 A

LAKE 6 D

LAKE 7 E

LAKE 8 F

LAKE 9 I

LAKE 10J
LAKE SITE 1
LAKE SITE 1
LAKE SITE 1
LAKE SITE 1
LAKE SITE 1
LAKE SITE 1
LAKE SITE 2
LAKE SITE 2
LAKE SITE 2
LAKE SITE 2
LAKE SITE 2
LAKE SITE 2
LAKE SITE 3
LAKE SITE 3
LAKE SITE 3
LAKE SITE 3
LAKE SITE 3
LAKE SITE 4
LAKE SITE 4
LAKE SITE 4
LAKE SITE 4
LAKE SITE 4
LAKE SITE 4
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J
LAKE CONTROL J

B
B
B
B
B
B
C
c
¢
c
c
C
G
6
6
G
G
H
H
H
H
H
H

GRAR
GRAB
GRAR
GRAB
GRAB
GRAB
COMP, 5 CARP
COMP, 5 BASS
COMP. 5 BASS
COMP.5 BULLHEAD
COMP,5 BULLHEAD
CONP.2 CATFISH
CONP, 5 CARP
CONP. 5 CARP
COMP, § BASS
COMP+S BULLHEAD
CONF.5 BULLHEAD
COMF.S CATFISH
COMP. 5 CARP
CONF. 5 CARP
COMP, 5 BASS
CONP.S5 BULLHEAD
CONP.5 BULLHEAD
CONFy 5 CARP
COMP, S BASS
CONP. 5 BASS
CONP.5 BULLHEAD
CONP+5 BULLHEAL
COMP.4 CATFISH
COMP, 5 CARP
COXP. 5 CARP
COMP, 3 RASS
COMP. 5 BASS
COMP+3 BULLHEAD
COMP.S BULLHEAD
COMP.3 CATFISH

IIREDGE
DREDGE
DREDGE
DREDGE
DREDGE
DREDGE
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
HA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

— g g g ] g g g e o o ) T ] T e v oaf o g o g bl gt bt g bt

EE I -

GROUPS

§13  SITER

J1IREFUGE CONTROL SITE

W U3 N en N

T g g

432
443
434
435
436
437
438
439
440
460
461
442
41
442
443
463
454
465
444
443
444
466
467
447
448
449
472
473
i
450
451
432
453
448
4469
470

19164 SPKE
19165 MUPL
19166 DUFL
19167
19168
19149
19170
mn
19172
19192
19193
19194
19173
19174
19175
19195
19196
19197
19176
19177
19178
19198
19199
19179
19180
19181
19200
19201
19202
19182
19183
19184
19185
19203
19204
19203

FWS

FHS

Fus

FWS

FUS

01.
.1'
1,
010
1y
ll.
11,
ki,
1,
1,
k1,
k1.
1388
tl.
k1,
.
X1,
k.,
14
1,
k1,
k.,
k.
1.
L3
i,
11,
1.,
3
X,
¥,
¥,
11,
k.
L §
1.

7723785
7/23/85
7/23/85
7/23/83
7/23/85
72/23/85
1/23/85
7/23/85
7/23/85
7/23/8%
7/23/85
7/23/85
7/23/85
1/23/835
7/33/85
7/23/33
7/23/85
7/24/35
7/24/85
77247335
7/24/85
7/24/85
7/24/85
7/24/35
7/24/85
7/24/335
7/24/85
7/24/85
77247835
7/24/35

19286
19260
19261

3 tullhead 11/8

Fus 11/85

1 bullhead 11/8

1 FUS 11/85

2 bullhead 11/8
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681 -

682 -

683 - 31- 1-
&84 - 31~ 1-
685 - 31- 2-
486 -

487 -

488 -

489y -

490 -

691 -

492 - 40~ 1-
493 - 40- I-
494 - A)- 4-
495 - 40~ 5-
696 - 40~ &~
697 - 40~ 7-
698 - 40- 8-
699 - 40- 9~
700 - 40- 10-
701 - 40- 11-
702 - AD- 12-
703 - 40- 13-
704 - 40- 14~
705 - 40- 15-
706 - 40- 16
707 - 40- 17-
708 - 40- 18-
709 - 40- 19-
710 - 40- 20-
71 - 40- 21-
N2 - 4 22-
713 - 40- 23-
714 - 40- 24-
ns - 40- 25-
716 - 40~ 26~
N7 - 40- 27-
718 - 40- 28-
719 - 40- 29-

720 - 40- 30-

Uboae eamnill

10122 AR 29y 1986 /CONWRLISTI

N YO A e

N RO R AR R R N 0 N FRI N PAR PN g ™ O g O~ s =0

SOIL
SOIL
WATER

WATER
WATER
WATER
WATER
WATER
SOIL
SOIL
S0IL
SoIL
SEDINENT
SHIL
SoIL
SoIL
S0IL
S6IL
SOIL
SOIL
SOIL
SOIL
SOIL
S0IL
S0IL
SOIL
SOIL
SOIL
S01L
ShIL
SOIL
SOIL

REFUGE CONTROL
REFUGE CONTROL
REFUGE CONTROL

SINGLE SAHPLE  SURFACE
SINGLE SAMPLE  SURFACE
SINGLE SAMPLE  BAILER

[~]

—

GROUP:

$#14 SITE:  40DUPLICATES

BUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE-WELL
DUPLICATE-WELL
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
MUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE
DUPLICATE

T e W e oD T Mmoo APTD TS WU e >

474
599
475

474
478
479
180
481
482
483
484
485
484
487
488
489
490
491
492
493
194
495
494
497
498
499
500
501
502
503
504
505

19206
9284
19207

19215 DUFL
19217 DUPL
19218 DUPL
19219 DUPL
19220 DUPL
19221 DUFL
19222 TUPL
19223 DUPL
19224 DUPL
19225 BUPL
19226 DUPL
19227 MpL
19228 DUPL
19229 DUPL
19230 DUPL
19231 DUPL
19232 DUFL
19233 BUFL
19234 DUPL
19235 BUPL
19236 DIFL
19237 IUPL
19238 NUFL
19239 TUPL
19240 DUFL
19241 DUPL
19242 DUPL
19243 DUFL
19244 TUPL

9% ]

8/14/85

by 11/19/85

1

3%
.1'
010
'10
01'
¥lx

8/13/83

8/14/85

kix 11719765

kit
kix

Kix

8/15/85
8/14/85

k1% 11/18/85

8/17/85

k1% 11/18/85

4}
1x
¥1x
L3¢
kX
i
L3¢
334
Xix
x
3} ]
Xix
3% |
3%
kit
¥ix
L3¢

$/23/85
9/23/85
9/23/85
9/23/85
9/24/85
9/23/35
9/24/85
9/24/335
9/24/85
9/24/35
9/25/85
9/24/85
9/25/85
9/25/85
9/23/85
§/25/85
9/25/85

9467
10497
11789

9450

2494

9402

9251

2453

2463

9261

2417

270
10703
10715
10722
10728
10736
11442
11651
11641
11679
11683
11691
11703
11713
11714
11719
11731
11741

Near dead tree
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721 - 40- 31- 1- 2 SOIL DUPLICATE B 506 19245 DUFL HE 972535 11749
722 - 40-32- 1- 2 SOIL DUPLICATE B 507 19246 DUPL Hx 9/25/85 11760
723 - 40- 33- 1- 2 SOIL DUPLICATE B S08 19247 DUFL Mk 9/25/85 11766
724 - 40- - 1- 2 SOIL DUPLICATE B 509 19248 DUFL 1 9/25/85 11773
725 - 40- 35- 1- 3 SOIL DUPLICATE c 510 19249 DUPL K% B/22/85 10654
726 - 40- 3~ 1- 3 SOIL DUPLICATE ¢ 511 19250 DUPL $1% 8/24/85 9500
727 - 40-3- 1- 3 SOIL DUPLICATE c 512 19251 TWFL s1% 8/22/85 10660
728 - 40-38- 1- 8 SOIL DUPLICATE H 513 19252 DUPL %1% 8/22/85 10441
729 - 40- 39- 1- 4 SOIL DUPLICATE D 514 19253 DUPL HE 8/17/85 9398
730 - 40- 40- 3- 1 SEDIHENT DUPLICATE A 515 19254 DUPL Kk 8/14/85 9429
731 - 40- 41- 3- 1 SEDINENT DUPLICATE A 514 19255 DUPL X% 8/14/85 19210
732 - 40- 42- 3- 1 SEDIMENT DUPLICATE A 517 19256 IUFL tix 8/13/85 9448
733 - 40- 43- 3- 1 SEDIMENT DUPLICATE A 518 19257 DUPL $1% B/22/85 10485
734 - 40- M- 3- 1 SEDINENT DUPLICATE A 519 19258 TUPL s1% 8/23/85 10691
735 - 40- 45- 3- 7 SELIHENT DUPLICATE 6 520 19259 DUFL ¥1% 11/19/85 9242
736 - 40- 46~ 3- 9 SEDIKENT DUFLICATE I 521 19260 DUFL oo 19145
737 ~ 40~ 47- 3- 9 SEDINENT DUPLICATE I 522 19261 DUPL o 19146
738 - 40- 48- 1- 1 S§OIL DUPLICATE A 549 19287 DUPL Hx 8/13/85 9491
739 - 40- 49- 1- 4 SOIL DUPLICATE D 551 19289 DUPL 1% B/16/85 9441
740 - 40-50- 1- 4 SOIL DUPLICATE D 552 19290 DUPL 1 8/14/85 9443
741 - 40-51- 1- 4 SOIL DUPLICATE D 553 19291 DUPL 8 8/14/85 9473
742 - 40- 52- 3- 1 SEDINENT EXPLOSIVES ANAL. DUPLICATE A 555 9255 DUFL 1y 7/25/85 1397
743 - 40- 53- 3- B SEDIMENT DUPLICATE H 401 9286 DUPL o 19141
74 -

745 -

746 -

"7 - GROUPS #14 SITE!  ALISFIKES

748 -

749 -

750 - 41~ 1- 3- & SEDIMENT SPIKE F 523 19262 SPKE ¥1¥ 12/05/85 9278
751 - 41- 2~ 1- 7 S0IL ‘ SPIKE G 524 19263 SPKE Kt 11/19/85 9281
752 - Al- 3- 2- 9 WATER SPIKE I 525 19264 SPKE A, 19141
753 - 41- 4- 2- 19  VATER SPIKE  -WELL g 524 19245 SFKE o 11793
754 - 41- 5- 1- 1 S0IL SPIKE A 527 19265 SPKE K% B8/14/85 9403
755 - 41- & 1- 1 SOIL SFIKE A 528 19267 SPKE #1t 8/17/85 9436
756 - A1- 7- 1- 1 SOIL SPIKE A 529 19268 SFKE 1% 8/16/85 9459
757 - 41- 8- 1- 1 SOIL SPIKE A 530 19269 SPKE X% 8/14/85 9481
758 - 4- 9- 1- 2 SOIL SPIKE B 531 19270 SPKE K1k 9/23/85 10725
759 - 41-10- 1- 2 SOIL SPIKE B 532 19271 SPKE sk 9/23/85 10745
760 - A1- 11- 1- 2 SOIL SPIKE B 533 19272 SPKE 1% 9/23/85 11641



v s

761 -
762 -
763 -
764 -
765 -~
766 -
767 -
768 -
769 -
770 -
m-
m -
773 -
74 -
m -
776 ~
777 -
778 -
m -
780 -
781 -
782 -
783 -
784 -
785 -
786 -
787 -
788 -
789 -
790 -
91 -
792 -
793 -
794 -
795 -
796 -
797 -
798 -
799 -
800 -

e
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A1- 12-
41- 13-
41- 14-
41- 15-
41- 16-
41- 17-
41- 18-
41~ 19-
41- 20-
41- 21-
A1- 24-
41- 25-
41- 24-
41- 27-
41- 28-
41- 29-
41- 30-

42- 1-
42- 2-
42- 3-
42- 4
42- 5
42- -
42- 7-
42- 8-
42- 9-
42- 10-
42- 11-
42- 12-
42- 13-
42- 14~

10122 MHAR 29, 1986 /CONWRLIST1

. - - B RS R e N e T

et e g S D e TO g DI RO N R RN By RS

SoIL SPIKE B
S0IL SPIKE B
s01L SPIKE B
S0IL SPIKE B
soIL SPIKE B
SOIL SPIKE B
S0IL SPIKE B
SOIL SPIKE C
S0IL SPIKE H
SEDIMENT SPIKE A
SIEDIHENT SPIKE D
SIEDIMENT SPIKE I
SOIL SPIKE A
SOIL EAPLOSIVES ANAL.,  SPIKE D
S0IL SPIKE D
S0IL SPIKE A
SOIL SPIKE A
GROUF: #14 SITE:  42:BLANKS
SOIL FIELD - SAND BLANK i
SOIL EXPLOSIVES ANAL.  BLANK A
SOIL OBLG LAR BLANK A
SOIL 0BG LAB BLANK A
SOIL 0BG LA BLANK A
SOIL OBRG LAB BLANK A
SOIL ORAG LAR BLANK A
SOIL 0BE6 LAB BLANK A
SOIL ORRG LAB BLANK A
SOIL OR3G LAB BLANK A
SOIL OBG LAE BLANK 6
SOIL 0B3G LAB BLANK 6
SOIL OBEG LAR BLANK H
SOIL OR8G LAB BLANK I

334
335
336
337
338
339
340
941
942
543
546
947
330
357
561
362
549

594
334
363
364
965
566
367
568
570
k)
600
602
603
604

19273 SPKE
19274 SPKE
19275 SPKE
19274 SPKE
19277 SPKE
19278 SPKE
19279 SPKE
19280 SPKE
19281 SPKE
19282 SPKE
19285 SPKE
19286 SFKE
19288 SPKE
44700 SPKE
9256 SPKE
85576 SPKE
14138 SFKE

19292 BLNK
46699 BLNK
85575 BLNK
46453 BLNK
85408 BLNK
14139 BLNK
2994 BLNK
2995 BLNK
46508 BLNK
46683 BLNK
9285 BLNK
9287 BLNK
9288 RLNK
9289 BLNK

34
ki
L 3%
Kx
kit
kix
L3t
1ni
X
1y
Hx
'1.
1 331
3%
3%
ik
1x

kix
i
3% 4
3%
4% |
L 3% |
kix
ik
xx
XX
13} 4
01.
010
010

9/24/85
9/24/85
9/25/85
9/24/135
$/23/85
9/25/3%5
9/25/85
8/23/85
8/23/85
8/16/85
8/23/85

8/13/85
7/25/85
7/25/65
8/13/85
B/14/85

B/19/85
8/1%9/85
8/19/83
8/19/83
8/19/63
8/19/83
8/19/65
8/19/85
8/23/83
8/28/83
11720785

11645
11680
11488
11704
11724
11754
11756
10644
10665

9427
10694
19164

7487

3385
46700

9467

9463
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PHASE Il LISTING OF SAMPLES SCHEDULED
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1- CRAB DRCHARD NATIONAL WILDLIFE REFUGE

2- SANPLING AND ANALYSIS SCHEDULE Revised March 17, 1986

3~ PHASE 11

4 - IDI ID2 ID3 ID4 ! MATRIX! NOE ! TYPE ! DEPTH  'ANAL!DEPTH! LOCA-!'INTRVL!SAWP!! LAB REPLICATE SAMPLE DUPL. /SPIKE  NOTES
9~ ST N MATAS SET TION & NO. NOS. NO LABFWS COLL. DATE NUMBERS
6~ Yoo (RATIDNALE). ... !

7~

8-

9-

10 ~ GROUP: 82 SITE:  10:WATERWORKS NDRTH DRAINAGE

3 I

12 -

13~ 10~ 3- 2-10 WATER WM-NWATER -1 COMP. 4 GRABS GBURFACE J 605 66601 o2

14 ~ 10~ 4 3 10 SEDIMENT WW-N SEDIMENT-{ 6RAB 0-1 FT J 606 66602 DUPL o2 67440
15~ 10~ 3 3~ 10 SEDIMENT WW-N SEDIMENT-2 6ARB -1 FT J 607 66603 A

16 ~ 10~ 6~ 3~ 10 SEDIMENT WW-N SEDIMENT-3 6RAB 0-1 FY J 608 66604 o2

17 ~ 10~ 7- 3- 10 SEDIMENT WW-N SEDIMENT-4 GRAB -1 FT J 603 66605 o2

18 ~ 10~ 8 3~ 10 SEDIMENT WN-N SEDIMENT-5 GRAB -1 FT J 610 66606 .2

19 -

20 ~
2t ~

e - GROUP: #2 SITE: 11:P AREA SOUTHEAST DRAINAGE

23 -~

24 -

2 -~ {1- 3- 3~ 1} SEDIMENT P-SE SEDIMENT-{ GRAB 0-1 FT K 611 66607 .2

2 ~ 11- 4 3 1t SEDINENT P-5E SEDIMENT-2 GRAB 0-1 FT K 612 66608 A

27 - 11- 5 3 1) SEDIMENT P-SE SEDIMENT-3 6RAB 0-1 FT K 613 66609 o2

28 - 11- 6~ 3- 1) SEDIMENT P-SE SEDIMENT-4 GRAB -1 F7 K 614 66610 o2

23 - 1= 7- 3 1) SEDIMENT P-SE SEDIMENT-5 6RAB -1 FY K 615 66611 DUPL 2 67441
P -

3 -

32 -

33 - GROUP: #3 6ITEs  14:AREA 14 SOLVENT STORAGE

3 -

s -~
36 - 14~ 5 3- 12 SEDIMENT DITCH -1 GRAB -1 FY L 616 66612 o2

37 - 14~ 6~ 3- 12 SEDIMENY DITCH -2 GRAB -1 FT L 617 66613 DUPL o2 67M2
38 - 14 7- 3- 12 SEDIVENY DITCH -3 GRAB 0-1 FY L 618 66614 .2

39 - 14~ 8- 3- 12 SEDIMENT DITCH -4 GRAB 0-1 FT L 619 66615 .2
40 - 14~ 9~ 3- 12 SEDIMENT DITCH -5 GRAB 0-1 FT L 620 66616 -



(PRGE 2)

15 A-

16~ 18-
16- 19-

17- 14~
17- 15-
17- 16-
17- 171-
17- 18-
17- 19~
17- 20~
17- 21-
17- aa-
17- 23-
17- 24~
17- 85
17- 26-
17- 27-
i17- e8-
17- 89
17- 30-
i7- 31-
17- 8-

13139 APR 2, 1986 /CONWRLISTR

3- 14 SEDIMENT

2~ 195
2- 1%

2- 1
2- 1

3- 17 SEDIMENT
3~ 17 SEDIMENT

i- 16
i- 16
1- 16
i- 16
i- 16
1- 16
1- {6
1- 16
- 17
i- 1
i- 16
1= 16
-1
=1
1- 16

WATER
WATER

WATER
WATER

SOIL
SOiL
SOIL
80IL
S0IL
SDIL
SOIL
SOIL
SoIL
s0lL
SOIL
SOIL
sDIL
SOIL
SOIL

8 BITE:

15:AREA 7 PLATING POND

PLATING POND  COMP. 4 GRABS O-1 FT

BROUP: 84 SITE: 16:AREA 7 INDUSTRIAL SITE
DITCH ND.3 COMP. 2 GRABS SURFACE O
DITCH NO. A COP. 2 GRABS SURFACE O
GROUP: #5 6ITE:  17:J0B CORPS LANDFILL
POND NO. § GRAB SURFACE @
POND NO.2 GRAB SURFACE @
POND NO. 1 GRAB -1 FT @
POND ND.2 6RAB 0-1 FT ]
SOUARE 1-5W 1 GRAB SURFACE P
SOUARE 1-5W 1 6RAB 3FT p
SOUARE 1-5E 2 GRAB SURFRCE P
SQUARE 1-SE 2 6RAB 3FT p
SOUARE 1-NE 3 GRAB SURFACE P
SQUARE 1-NE 3 GRAB 3FT P
SOUARE 1-NW 4 GRAB SURFACE P
SOUARE 10N 4 6RAB 3FT P
SOUARE 2-5 5 6RAB BURFACE O
SOUARE 2-5 5 GRAB SURFACE @
S0UARE 2-5 6 GRAB SURFACE P
BOUARE 2-5 7 GRAB SURFACE P
SDUARE 2-5 B GRAB SURFRCE @
SOUARE 25 8 GRAB 3FT ]
SOUARE 2-5 9 GRAB SURFACE P

621

623

REBERE

REEHEERGEEREER

£6617

66618
66619

66621

66623
66624 DUPL

66626 SPHE
66627
66628 DUPL

66631
66632
66634
66635 DUPL

66637
66638

[] aa

.2.
.el

o2
os
os
o2
2
o2
o2
e
226
o2
o2
.2
2
s
.2
.2
s
o2s
-8

67443

67444

67445

YL

wm———



{PRGE 3)

17- 33-
17- 34~
17- 35~
17- 36-
17- 31-
17- 38-
17- 39-
17~ 40-
17- a1~
17- 8-
17- 43-
17- 8-
£7- 45~
17- 46~
17- 47~
17- A8~
17- 49-
17- %0~
17- 51-
17- 5e-
17- 53-
17- Sh-
17- 55-
17- 56~
17- 57-
17- 58-
17- 59-
17~ 60~
17- 61-
17- 62-
17- 63-
17- 64-

2- 3
2- 4

13:39 APR 2, 1986 /CONWRLISTZ

1= 16
- 17
1- 17
i- 16
1- 16
- 17
i~ 17
1- 16
1- 16
- 16
1- 17
1- 16
- 16
1- 16
1= 16
i- 16
1- 16
1- 16
i- 16
1- 16
- 16
1- 16
1- 16
1- 16
- 17
1- 16
1- 17
1- 16
1- 17
1- 16
1- 16
1- 16

3- 18 SEDIMENT
3- 18 SEDIMENT

SOIL
SOIL
SOIL
SDIL
S0IL
SOIL
SOIL
SDIL
SOIL
SDIL
soIL
SOIL
SOt
SOIL
S0IL
SOIL
SOIL
SoIL
SOIL
SOIL
SOIL
SoiL
SOIL
sOIL
SOIL
SOIL
S0IL
S0IL
SoIL
SOIL
SOIL
SOIL

SOUARE 2-€ 10 6RAB SURFRCE P
SOUARE 2-N 11 6RAB SURFACE @
SOUARE 2-N 11 GRAB 3FT e
SOURRE 2-N 2 6RAB SURFACE P
SOUARE 2-M 13 GRAB SURFRCE P
SOUARE 2-N 14 GRAB SURFACE @
SOUARE 2-N 14 6ARB 3FT ]
SQUARE 2 15 GRAB SURFACE P
SOUARE 2-W 15 6RAB 3FT P
SOUARE 2-W 16 GRAB SURFRCE P
SQUARE 3-8 17 GRAB SURFACE @
SouARe 3-5 18 6RAB SURFACE P
SQUARE 3-5 19 GRAB SURFACE P
SOUARE 3-5 20 GRAB SURFACE P
SQUARE 3-5 21 GRAB SURFACE - P
SOUARE 3-5 22 GRAB SURFRCE P
SOUARE 3-£ 23 GRAD SURFACE P
SOUARE 3-N 24 GRAB SURFRCE P
SQUARE 3-N 25 GRAB SURFARCE P
SAUARE 3-N 26 6RAB SURFACE P
SOUARE 3-W 27 6RAB SURFRCE P
SOUARE 3-W 28 GRAB SURFACE P
SOUARE 3-W 29 GRAB SURFRCE P
SAUARE 3W 30 6RAB SURFACE P
SOUARE 4-E 31 GRAB SURFACE @
SOUARE 4-£ 32 GRAB SURFACE P
SOUARE 4-N 33 GRAB SURFACE @
SOUARE 4-N 34 GRAB SURFACE P
SOUARE 4-N 35 GRAB SURFACE @
5RAB P

GRAB P

6RAB P

GROUP: #8 SITE: 22:0LD REFUGE SHOP
STREAM - 1 6RAB FT R
STREAM - 2 GRAB 0-1 FT R

EEEEX

EERE P EREEE U RO EREREE

673
676

66670

66671
66672

A
2
o2
o2
e
o2
o2
o2
o2
o2
o2
A
o
o2
-2
.2
o2
oe
.2
o2
2
e
o2
-
.2
.2
o2

.2
o2
.2
o2

-a-
.e-

67447

67448

67449

67430



21 -
122 -
123 -
124 -
125 ~
126 -
127 -
128 -
129 -
130 -
131 -
132 -
133 -
134 ~
135 -
136 -
137 -
138 -
139 -
140 ~
148 -
142 -
143 -
144 -
145 -
146 -
147 -
148 -
149 -
1590 -
151 -
15 -
153 -
154 -
155 -
156 -
157 -
158 -
159 -
160 -

{PRBE 4)

2- s
2- 6-
2- 7-

29- le-
23 13-
23~ 14-
29 15-
29- 16-
23~ 17-
29~ 18-
29- 19-
29- 20~
29- 21-
29 22-
293~ 23-
29~ 24~

32- 67-
32- 68-
r- 69
R- 70-
- 1t-
2- 72-
- 73~
32- Th-
R- 75
R- 76~
»-77-
R2- 18-
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e g

3~ 18 SEDIMENT
J- 16 SEDIMENT
3- 18 SEDIMENT

1- 1
i-1
1-1

¢ Ss0IL
9 siiL
9 BOIL

1- 19 60IL

i- 1

9 SOIL

1-19  SDIL

1- 1
-1
1-1

% SOIL
9 SsoIL
§ SOIL

- 1% S0IL

1-1
1-1
1- 1

-
-
3=
I~

-
3

-

3-
-

K

§ SOIL
9 SOIL
9 soiL

& SEDIMENT
i! SEDIMENY
& SEDIMENT
it SEDIMENT
¢ SEDIMENY
& SEDIMENT
i SEDIMENT
i GEDIMENY
& SEDIMENT
i SEDIMENT
i! BEDIMENT
it GEDIMENT

o em— r—— (= ] [T 1

STREAM - 3 6RAB 0-1 R

STREAM - 4 6RAB 0-1 F¥ R

STREAM - 5 GRAB 0-1 FT R

GROUP: #10 SITEs 29:FIRE STATION LANDFILL

EAST FACE 5 6RAB 0-1 FT 5
ERST FACE 3 6RAB 3FT §
ERST FACE 6 GRAB -1 FT §
ERST FACE 7 GRAB 0-1 FT 8
ERST FACE 8 BRAB 01 FT s
EAST FACE 9 5RAB 0-1 FT ]
ERST FACE 10 GRAB 0-1 FT 5
EAST FACE 10 GRAB 3FT H]
ERST FRCE 1t GRAB 0-1 FT 5
ERST FACE 12 6RAB 0-1 FT ]
EAST FACE 13 6RAB 0-1 FT )
EAST FACE 13 GRAB 3FT §
EAST FACE 14 GRAB 0-1 FT 5
GROUP: @11 SITE: 32:AREA 9 LANDFILL

GRID § - 1 SINGLE GAMPLE  SURFRCE B

BRID t -2 SINGLE SAMPLE  SURFRCE B

GRID § - 3 SINGLE SAMPLE  SURFACE B

6RID t - 4 BINGLE SAMPLE  SURFACE B

BRID1 -3 SINGLE SAMME  SURFACE B

6RID 2 - 1 SINGLE SAMPLE  SURFACE B

GRID 2 - 2 SINGLE SAMPLE  SURFACE B

GRID2 -3 SINGLE GAMPLE  SURFACE B

6RID 2 - 4 SINGLE SAMPLE  SURFACE B

BRID 2 - 5 SINGLE SAMPLE SURFACE B

6RID 3 - 1 SINGLE SAMPLE  SURFACE B

GRID 3 -2 SINGLE SAMPLE  SURFRCE B

677
678

CEEERBEEREE

o o
B2

693
694
695
696
697
698
699
700
701
702
703
704

66673
66674
66675

66676 DUPL
66677
66678 SPKE

66689 DUPL
66690
66691 SPKE

66693
66634
66695
666%
66697
66698 DUPL
66699
66700

.2
la.
o

A
o2e
2
o2
2
.2
-2
o2
o2
o2
.2
.2
o2

.e'

-5
2
.2
.2
.2
.2
.2
.2
2.
o2

67451

67452

67433

67453

6745

¥ - -



161 -
162 -
163 -
164 -
165 -
166 -
167 -
168 -
169 -
170 -
i -
17 -
173 -
174 -
1 -
176 -
177 -
178 -
179 -
180 -
iBt -
182 -
183 -
184 -
185 -
186 -
187 -
188 -
189 -
1% -
191 -
19 -
193 -
19 -
195 -
19% ~
197 -
198 -
199 -

{PAGE 3)

2- 79
32- 80~
- 8t-
2- 8-
32- 83~
32- 4~
32- 85~
2- 86~
- 87~
32- 88~
- 89~
32- 90~
32- 91~
32~ -
- 93~
- %~
3e- 95~
32- 9%~
- 97~
32- 98~
32- 99~
32-100~
32-101-
322-102-
32-103~
32-104~
32-105-
32-106-
32-107-
32-108~
32-109-
32-110~-
J2-114-
R2-112-
2-113-
32-114-
R-115-
32-116-
2-117-
32-118-

13:39 APR 2,

3~ 2 SEDIMENY
3- 2 SEDIMENT
3- 2 SEDIMENT
3~ 2 SEDIMENT
3~ 2 SEDIMENT
3- @ SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENY
3- 2 SEDIMENY
3- 2 SEDIMENT
3- 2 SEDIMENT
3- @ SEDIMENT
3- 2 SEDIMENY
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENY
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- ¢ SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- 2 SEDIMENT
3- & SEDIMENT

1986 /CONWRL1ST2

6RID 3 -3
6RID 3 - 4
BRID 3 -5
GRID 4 - 1
BRID 4 - 2
GRID 4 -~ 3
GRID 4 - 4
GRID 4 - 5
BRID 5 -}
BRID 5 - 2
GRID 5 - 3
GRIDS - 4
GRID 5 -5
GRID 6 - 1
BRID 6 - 2
6RID 6 - 3
BRID 6 - 4
GRID 6 - 5
BAY SE - |
BAy s& - 2
BAY SE - 3
PAY SE - 4
BAY SE - §
PAYSE -6
PAY SE - 7
BAY SE - 8
BAY 5 - 9
BAY S - 10
My SE - 11
BAY SE - 12
BAY SW - 1
bay sW - 2
BAY SH - 3
BAY SH - 4
BAY SW - 5
BAY MIDDLE - 1
BAY MIDDLE - 2
BAY MIDDLE ~ 3
BAY NORTH - 1
BAY NORTH - 2

SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAWPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE GAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE
SINGLE SAMPLE

SURFACE

SURFACE
SURFACE

SURFACE
SURFRCE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFRCE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE
SURFACE

WD oo T oo o oo oY O oo U W o

705
706
107
708
709
o
m
ne
13
714
"s
116
n7
18
n9
20
121
122
723
724
5

127
728
729
130
731
3R
733
734
735
136
737
738
739
(L
Th
e
743
64

66701
66702
66703
66704
66705
66706 DUPL
66707
65708
66709
66710
66711
66712
66713
66714 SPKE
66715
66716
66717
66718
66719 FWS
66720 DUPL
66721
66722
66723
66724
66725
66726
£6727
66728
66729 SPKE
66730
66731
66732
66733
66734 DUPL
66735
66736
66737
£6738
£6739
66740

2
o2
22
o2
o2
.2
A
-
2
o
a2e
o2
.2
oe
o2
-
e
o2
ol
.2
.2
o2
os
-
.2
o2
-
o2
.2

-
o2
s
o2
-5
o2
o2
o2e
.2
.2

67456

67457

67458

67459

57460

¥ -
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22-1193-
32-120-
3e-121-
3-fae-
2-123-

33-189-
33-190-
33-191-
33-192-
33-193-
33-194-
33-195-
33-19%-
33-197-
33-198-
33-199-
33-200-
33-201-
33-202-
33-203-
33-204-
33-205-
33-206-
33-207-
33-208-
33-209-
33-210-
33-211-
33-212-
33-213-
33-214-
33-215-
33-216-

33-217-

Ly LT [ TP 7T LT ]

13:33 aPR 2, 1986 /CONWRLISTE

3. -
3. -
3-
3. -
3. -

2 SEDIMENT DAY NORTH - 3 SINGLE SAMPLE
2 SEDIMENT DBRY NORTH - 4 SINGLE SAMPLE
2 SEDIMENY DAY NORTH - S SINGLE SAMPLE
2 SEDIMENT BAY NORTH - 6 SINGLE SAMPLE
# SEDIMENT BAY NORTH - 7  SINGLE SAMPLE

SURFACE

SURFACE
SURFACE
SURFACE

GROUPs #11 SITE: 33:AREA 9 BUILDING COMPLEX

SOIL LOC. 103 - I-1- 25 CORE VERTICAL
SOIL LOC, 103 - I-1- 25 CORE VERTICAL
SDIL LOC. 103 - I-i- 25 CORE VERTICAL
SOIL LOC. 104 - I-1- 25 CORE VERTICAL
SOIL LDC. 104 - I-1- 25 CORE VERTICAL
SOIL LOC. 104 - I-1- 25 CORE VERTICAL
SOIL LOC. 105 - I-1- 25 CORE VERTICAL
SOIL LOC. 105 - I-1- 25 CORE VERTICAL
SOIL LOC, 105 - I-1- 23 CORE VERTICAL
' SEDIMENT LOC. 106 -NW.DRNG CORE VERTICAL
SEDIMENT LOC. 106 -NW.DRNG CORE VERTICAL
. SEDIMENT LOC. 106 -NW.DRNG CORE VERTICAL

SOIL LDC. 107 - NW.DRN6 SURFACE COMP.
¢ SEDIMENT LOC. 108 -NW.DRNG CORE VERTICAL
2 SEDIMENT LOC. 108 -NW.DANG CORE VERTICAL
¢ SEDIMENT LOC. 108 -WW.DRNG CORE VERTICAL
¢ SOIL LOC. 109 - NW.DRNG SURFACE COMP.
i SOIL LOC. 110 - NW.DRNG SURFACE COMP,
¢ SEDIMENY LOC. 111 -NW.DRNG CORE VERTICAL
i GEDIMENT LOC. 111 -NW.DRNG CORE VERTICAL
¢ GEDIMENT LOC. 111 -NW.DRNG CORE VERTICAL
& SOIL LOC. 112 - NW.DRNG SURFACE COMP.
¢ SOIL LOC. 113 - NW.DRNG SURFACE COMP.
i GEDIMENT LOC. 114 -NW.DRNG CORE VERTICAL
it GEDIMENT LOC. 114 -NW.DANG CORE VERTICAL
i SEDIMENT LOC. 114 -NW.DRNG CORE VERTICAL
i SDIL LOC. 115 - NW.DRNG SURFACE COMP.
i GEDIMENT LOC. 116 -NW.DRNG CORE VERTICAL
it GEDIMENT LOC. 116 -NW.DRNG CORE VERTICAL

N A O MDY

n M D A

1]

0~1 FDOT
1-2 FOOT
2-3 FoOy
0-1 FOOT
1-2 FOOT
2-3 FoOY
0~1 FOOT
1-2 FoOT
2-3 Foov
0-1 FOOT
i-2 FOOT
2-~3 FOOT
0-1 FOOT
0-1 FOOT
i-2 FOOT
2-3 Foor
0-1 FOOT
0~1 FOOT
0-1 FOOT
1-2 FoOT
2-3 Foar
0-1 FOOV
0-1 FOOT
0~1 FOOT
i~2 FOOT
2-3 Foot
0~1 FOOT
0~1 FOOT
1-2 FOOT

W ooWo Do T oo WD oW oo WMo e WMo W

745
746
w7
748
749

66741
66742
66743
66744
65745

HIn s
1716
i
11778
11779 DAL
11780
11781 DUPL
11782
11783
11784
11785
11786
11787
66746 DUPL
66747
66748
66749 DUPL
66730 FWS
65751 SPHE
66752
66753
66754
66735
66756
66757 DUPL
66758
66739
£6760
66761

-
o2
e
-5

o2y
ot
o2
o2
-3
o2
o
o2
o2

2
o2
o2
o2
e
oe
ole
o2
.2
o2
o2

IEI
.e-

o2
o2
o2
2

19216

67461

67462

67463

£7464

£7476
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33-218~
33219~
33-220~
33-221-
33-222~
33223~
33-224~
33-225~
33-226~
33-227~
33-228-
33-229~
33-230~
33-23t~
33-232~
33-233~
33-234-
33-235-
33-236~
33-237-
33-238~
33-239~
33-240-
33-241-
33-242~
33-243~
33-244~
33-245~
33-246~
33-247~
33-248~
33-249-
33-250~
33-251-
33-25e-
33-253-
33-254~
33-255-
33-256+
33-a57-

s
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2 SEDIMENT LOC. 116 -N.DRNG CORE VERTICAL

SOIL
SOIL
SOIL
SOIL
SoIL
S0IL
SOIL
SOIL
SOIL
S0IL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SDIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SOIL
SoIL
SOIL
¢ SOIL
2 SOIL
# SOIL
2 SO0IL
# SOIL
2 S0IL
2 SOIL
2 501

My A Mo A o O D

TR MO Mo M M MMy my o R e R M R oM

e Pt s MY e
=T H

LOC.
LoC,
Loc.
LOC.
LOE.
LOC.
Loc.
LOC.
LOC.
LOC.
Loc.
LOC.
LOC,
Loc.
Lac.
Lo,
LOC,
LOE.
Loc.
LOC.
Loc,
LOC.
LOC,
Lac.
Loc.
Lac.
LOC.
Lac.
LoC.
LoC.
Lac.
Loc.
Lac.
LOC.
Loc.
LOC.
Lac.
LOC,
Lac.

117 - 1-1- 23 CORE VERTICAL
117 - I-1~ 23 CORE VERTICAL
117 - 1-1- 23 CORE VERTICAL
118 - 1-1- 23 CORE VERTICAL
118 - I-1- 23 CORE VERTICAL
118 - 1-1- 23 CORE VERTICAL
119 - I-1- 23 CORE VERTICAL
119 - I-1- 23 CORE VERTICAL
119 - 1-1- 23 CORE VERTICAL
120 - I-1- 23 CORE VERTICAL
120 - 1-1- 23 CORE VERTICAL
120 - I~1- 23 CORE VERTICAL
i1 - 1-1- 23 CORE VERTICAL
121 - I-1- 23 CORE VERTICAL
21 - I-1- 23 CORE VERTICAL
f22 - 1-1- 23 CORE VERTICAL
122 - I-1- 23 CORE VERTICAL
122 - I-1- 23 CORE VERTICAL
123 - I-1- 23 CORE VERTICAL
123 - 1-1- 23 CORE VERTICAL
123 - 1-1- 23 CORE VERTICAL
124 - I-1- 23 CORE VERTICAL
124 - 1-1- 23 CORE VERTICAL
124 ~ 1-1- 23 CORE VERTICAL
125 - I-1- 23 CORE VERTICAL
125 - 1-1- 23 CORE VERTICAL
125 - 1-1- 23 CORE VERTICAL
126 - 1-1- 23 CORE VERTICAL
126 - 1-1- 23 CORE VERTICAL
126 - I-1- 23 CORE VERTICAL
127 - 1-1- 23 CORE VERTICAL
127 - 1-1- 23 CORE VERTICAL
127 - 1-1- 23 CORE VERTICAL
128 - I-1- 23 CORE VERTICAL
128 - I-1- 23 CORE VERTICAL
128 - 1-1- 23 CORE VERTICAL
129 - I-1- 23 CORE VERTICAL
129 - 1-1- 23 CORE VERTICAL
129 - I-1- 23 CORE VERTICAL

2-3 FoOT
3-5 FOOT
4-5 FOOT
-6 FOOT
3-4 FOOV
4-5 FOOTY
5-6 FOOT
3-4 FOOT
4-3 FOOT
-6 FOOT
3-4 FODY
4-5 FOOT
5-6 FOOT
0-1 FOOT
1-2 FOOT
2-3 Foot
0-1 FoOT
1-2 Foor
2-3 FOOT
0-1 FOOT
1-2 FooT
2-3 FooT
0-1 FOOT
1-2 FDOT
2-3 FooT
0-1 FOOT
1-2 FooT
2-3 Foot
0-1 FOOT
1-2 FOOT
2-3 FooY
0-1 FOOT
1-2 FooT
2-3 Foot
0-1 FOOT
1-2 FooT
2-3 Foor
0-1 FOOT
1-2 FooT
2-3 Foor

oo oW oD DWW o ®m oW U m O ooDm oo

766
%7
768
769
770
m
172
3
T4

776

78
m
780
781
782
783
784
785
786
787
788
789
790
791
792
193
794

797
798
799

801
803

842
843

g6762
66763 FWS
66764
66765 DUPL
66766 DUPL
66767
66768
66769
66770
66771
66772
66773 SPKE
66774
66775
66776
66777
66778
66779
66780
66781
£6782
£6783
66784 SPKE
£6785
66786
66787
667688
66789
66790
66791 DUPL
66792
66793
66794
66795
66796
66797
£5798
66799
66403

12‘

.2
o2
.2
.2
2
.2

o2
o2s
&
o2
o2
o2
.2
.2
o2

.2
.2
.2
.2
-2
o2
o2
o2
.2
.2
.2
o2
o
A
o2

o2
.8-
121

L) e'
2.

67477
67465

19283

67466
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33-258- - 2 SOIL LOC. 130 - I-1~ 23 CORE VERTICAL O-1 FOOT B 844 66405 o2
33-253- 1- 2 SOIL LOC. 130 - I-1- 23 CORE VERTICAL 1-2FOOT B BA5 66406 o2
33-260- 1- 2 SDIL LOC. 130 - I-i- 23 CORE VERTICAL 2-3FOOT B BAE6 66407 o2
33261~ 1- @ SOIL LOC. 131 - [-1- 23 CORE VERTICAL oO-1 FOOT B 847 66408 o
33-262- §- 2 SDIL LOC. 131 - I-1- 23 CORE VERTICAL 1-2 FOOY B 848 66409 o2
33-263- 1- 2 SOIL LOC. 131 - I-1- 23 CORE VERTICAL 2-3FOOT B 849 66410 A
33-264- 1- 2 SOIL LOC, 132 - I-f- 5 CORE VERTICAL oO-1 FOOT B 830 66411 s .2
33-265- 1- 2 SOIL LOC. 13 - I-1- 5 CORE VERTICAL 1-2 FOOT B 851 66412 2
33-266- 1- 2 SOIL LOC. 132 - I-i- S CORE VERTICAL 2-3FOOT B 852 66413 e
33-267- 1- & SOIL LOC. 133 - I-1- 5 CORE VERTICAL O-f FOOT B 853 66414 ote
33-268- t- 2 SDIL LOC. 133 - I-1- 5 CORE VERTICAL 1-2 FOOT B 854 B6ALS -5
33-269- 1- 2 SOIL LOC. 133 - I-1- 5 CORE VERTICAL 2-3F0OT B 8% 66416 .2
33270~ - 2 SOIL LDC. 134 - I-1- 5 CORE VERTICAL 3-4 FOOT B 856 66417 DUPL o2 67467
33-271- 1- & SOIL LOC., 134 - I-1- 5 CORE VERTICAL 4-5FOOT B 857 66418 o2
33-272- 1- 2 SOIL LOC. 134 - I-1- 5 CORE VERTICAL S-6FOOT B 858 66419 o2s
33-273- 1- & SOIL LOC, $35 - I-1~ 5 CORE VERTICAL o-1 FOOT B 859 66420 o
33-274- §- @ SO LOC, 135 - I-1- 5 CORE VERTICAL 1-2 FOOT B 860 66421 -5
33-275- 1- & SOIL LOC. 135 - I-1- O CORE VERTICAL 2-3F0OT B 861 66422 o2
33-276- 1- 2 SOIL LOC. 136 - I-1- 5 CORE VERTICAL O-f FOOT B 862 66423 os
33-277- 1- 2 SOIL LOC. 136 - I-1~ & CORE VERTICAL 1-2FDOT B 863 B66424 SPKE .2 19284
33-278- 1- 2 SOIL LOC. 136 - I-1- 5 CORE VERTICAL 2-3FOOT B 864 6EAZD .2
33-279- 1- & SOIL LOC. 137 - I-1- 5 CORE VERTICAL. 3-4FOOT B 865 66426 o2
33-280- 1- 2 S50IL LOC. 137 - I-1- 5 CORE VERTICAL 4-5F00T B 866 66427 oLe
33-281- 1- & SOIL LOC, 137 - I-1- S CORE VERTICAL S-6FOOT B 867 66428 -
33-28e- 1- & HOIL LOC. 138 - I-1- 5 CORE VERTICAL O~ FOOT B 868 66429 o2
33-283- 1- ¢ SOIL LOC. 138 - I-1- 5 CORE VERTICAL 1-2FOOT B 859 66430 o2
33-284- 1- 2 SOIL LOC. 138 - I-1- 5 CORE VERTICAL 2-3FOOT B 870 66431 ir-A
33-285- 1- & SOIL LOC. 139 - I-1- 5 CORE VERTICAL O-1 FOOT B 871 66432 SPKE .2 67468
33-286- 1- 2 SDIL GOC. 139 - 1-1- S CORE VERTICAL 12 FOOT B 872 66433 -3
33-287- 1- ¢ SOIL LOC. 139 - I-1- 5 CORE VERTICAL 2-3FOOT B 873 66434 o2
33-288- I- @ SOIL LOC. 140 - I-1- 5 CORE VERTICAL O-f FOOT B 874 B6A3S o2e
33-283- 1- @ SOIL LOC. 140 - I-1- 5 CORE VERTICAL 1-2FO0T B 875 66436 DUPL .2 64493
33-290- 1- & SO LOC. 140 - I-1- 5 CORE VERTICAL 2-3FOOT B 876 66437 ois
33-291~ 1- & SOIL LOC. 141 - NW.DRNG CORE VERTICAL 0-1 FOOT B 877 66438 s .2
33-292- 1- & SUIL LOC. 141 - NW.DRNG CORE VERTIEAL 1-2 FOOT B 878 66439 o2
33-293- 1- & SOIL LOC. 141 - NW.DRNG CORE VERTICAL 2-3 FOOT B 879 66440 -
33-294- 1- & SOIL LOC, 142 - NW.DRNG CORE VERTICAL 0-1 FOOT B 830 66441 -5
33-295- 1- @ SDIL LOC. 142 - NW.DRNG CORE VERTICAL 1-2 FOOT B 881 66442 o
33-296- 1- & SOIL LOC. 142 - NW.DRNG CORE VERTICAL 2-3 FOOT B 882 66443 .2
33-297- 1- & SOIL LOC. 143 - NW.DRNG SURFACE COMP. 0-1 FOOT B 883 66444 o2
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33-298-
33299
33-300-
13-301-
33-302-
33-303-
33-304-
33-305-
33-306-
33-307-
33-308-
33-309-
33-310-
33-311-
33-312-
33-313-
33-314-
33-315-
33-316-
33-317-
33-318-
33-319-
33-320-
33-321-
33-322-
33-323-
33-324-
33-325-
33-326~
33-327-
33-328-
33-329-
33-330-
33-331-
33-332-
33-333-

33-334-
33-335- !
33-336- |
33-3371-

K

¢ SEDIMENT LOC. 144 -NW.DRNG CORE VERTICAL
© SEDIMENT LOC. 144 -NW.DRNG CORE VERTICAL
2 SEDIMENT LOC. 144 -Nd.DRNE CORE VERTICAL
¢ SOIL LOC. 145 - NW.DRNG SURFACE COMP.
& SOIL LOC. 146 - NW.DRNG SURFACE COMP.
¢ SEDIMENT LOC. 147 -N.DRNG CORE VERTICAL
¢ SEDIMENT LOC. 147 -NW.DRNG CORE VERTICAL
¢ SEDIMENT LOC. 147 -NW.DRNG CORE VERTICAL
¢ SDIL LOC. 148 - NW.DRNG SURFACE COMP.
£ SOIL LOC. 149 - NW.DRNG SURFACE COMP.
¢ SEDIMENT LOC. 150 -NW.DRNG CORE VERTICAL
¢ SEDIMENT LOC. 150 -Nw.DRNE CORE VERTICAL

SEDIMENT LOC.

H
i
£
& SEDIMENT LOC.
¢ SEDIMENT LOC.
¢! SEDIMENT LOC.
€

&

i SEDIMENT LOC.
¢! GEDIMENT LOC.
¢ SEDIMENT LOC.
¢ SOIL  LOC.
i SEDIMENT LOC.
it SEDIMENT LOC.
< SEDIMENT LOC.
i! SEDIMENT LOC.
i GEDIMENT LOC.
it GEDIMENT LOC.
i! SEDIMENT LOC.
i GEDIMENT LOC.
¢ SEDIMENT LOC.
# GEDIMENT LOC.
it SEDIMENT LOC.
it SEDIMENT LOC.
i GEDIMENT LOC.
i2 SEDIMENT LOC.
i SEDIMENT LOC.
i SEDIMENT LOC.

130 WM. DRNG CORE VERTICAL

' SOIL LOC. 151 - NW.DRNG SURFACE COMP.
" SDIL LOC. 152 - NW.DRNG SURFACE COMP.

153 WM. DRNG CORE VERTICAL
153 -NW.DANG CORE VERTICAL
153 -NW.DRNG CORE VERTICAL

' SOIL LOC. 154 - NW.DRNE SURFACE COMP.
! SOIL LOC. 155 - NW.DRNG SURFRACE COMP.

156 -NW.DRNG CORE VERTICAL
156 -NW. DRNG CORE VERTICAL
156 -NW.DRNG CORE VERTICAL
157 -N\W.DRNG SURFACE COMP.
158 -Mu.DRNG CORE VERTICAL
158 -NW.DRNG CORE VERTICAL
158 -NW. DRNG CORE VERTICAL
159 . DRNG CORE VERTICAL
159 -N. DRNG CORE VERTICAL
159 M. DRNG CORE VERTICAL
160 -\, DRN6 CORE VERTICAL
160 -NW. DRNG CORE VERTICAL
160 -NW.DRNG CORE VERTICAL
161 -Nd.DRANG CORE VERTICAL
161 -NW.DRNG CORE VERTICAL
161 -NW.DRNG CORE VERTICAL
162 -NW.DRNG CORE VERTICAL
162 -NW.DRNG CORE VERTICAL
162 -NW.DRNG CORE VERTICAL
163 -NW. DRNG CORE VERTICAL

0-1 FOOT
1-2 FoOT
2-3 FOOT
0-4 FOOT
0-1 FOOT
0-1 FOOT
1-2 FoOT
2-3 FOOT
0-1 FOOT
0-1 FOOT
0-1 FOOT
1-2 FoOT
2-3 FoOT
0-1 FOOT
0-4 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOF
0-1 FoOT
0-1 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOT
0-1 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOT
0-1 FOOT
1-2 FoOT
2-3 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOT
0-1 FOOT
1-2 FOOT
2-3 FOOT
0-1 FOOT

897

910
9
9ie
913
914
915
916
97
918
919
920
92t

923

BEAAD

66446 DUPL

66447
665449

66451
66432
66453
66454
66455 DUPL
66456
66457
66458
£6459
66460
66461 DUPL

66463
66464
66465

66467

66469
66470 SPHE
66471
66472
66473
66474
66475
6EAT6
65477
66478
66479

66481
64485 DUPL
64486
64487

o
o e
e
s
.2
ot
o
.2
A
.8
o2e
2.
-8
e
s
o2
-3

A
.2
o2
.2

.2
oe
ots
-3
o2

e

L2

2
o2
o2
o2
A
2
.2
o2
-5

64494

67469

64497

644%
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33-338-
33-339-
33-340~-
33-341-
33-342-
33-343-

W0- 2-
40~ 54-
A0~ 55~
40~ 56-
40- 57-
40~ 58-
- 53-
A0~ 60-
40- 61-
40~ 62-
A0- 63-
A B4+
A0~ 65
40~ 66~
A0- £7-
40~ 68-
40- 69-
40- 70-
A0 71-
40~ 72-
M- 73-
M- -
M- 75
40~ 76-
A0~ 77-
80- 78-
A0- 79-
A0~ 8O-

13:39 APR 2, 1986 /CONWRLISTZ

{-

¢ SEDIMENT LOC, 1563 -NW.DRNG CORE VERTICAL
! SEDIMENT LOC. 163 -NW.DRNG CORE VERTICAL 2-3 FOOT

! SOIL -SPARE
¢ SOIL -SPARE
¢ G0IL -SPARE

¢
¢ SOIL -SPARE
£

¢ SDIL

3= 10 SEDIMENT
I~ 11 SEDIMENY
d= 1it GEDIMENT
i- 16 SOIL
I= 16 8oL
1= 17 SOIL
I- 17 SOIL
{- 16 SDIL
1= 16 SOIL
1- 19 SOIL

3~
3=
3=
3=

i SEDIMENT
i GEDIMENT
i3 SEDIMENT
i? SEDIMENT
i2 SEDIMENT
i SOIL
2 SOIL
2 SOIL
2 SOIL
2 S0IL
2 SOIL
2 SOIL
2 SO0IL
2 S0IL
2 S0
2 SOIL
2 S0IL

1-2 FOOT

GROUP:

$14 SITE:

40:REPLICATES

REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLLTE 2
REPLETE 2
REPLLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLLTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2
REPLCTE 2

O oowom W™ o®wdw VoD oinT VOO0 T O X o™

BEBS

934
935

931

64488

54490
64491
54498

19216 DUPL
67440 DUPL
67441 DUPL
67442 DUPL
67443 DUPL
67447 DUPL
67446 DUPL
67447 DUPL
67448 DUPL
67450 DUPL
67451 DUPL
67433 DUPL
67455 DUPL
67456 DUPL
67458 DUPL
67460 DUPL
67461 DUPL
67462 DUPL
67463 DUPL
67465 DUPL
67467 DUPL
£746% DUPL
67476 DUPL
67477 DUPL
64432 DUPL
64433 DUPL
64494 DUPL
64495 DURL

-ec
.e-

e
.2
-8
o2
o
o

.2
.2

lel
o2

L.

.e-

e
o
.2
.2
.2
o
-
o2

-en
.e-
.2

umns

66611
66613
66624
66628
66636

66648

66676
66689

66706
66720
66734
11781
66746
66749
66766
66417
66455
66757
66765
66791
66436
66446
66461

i
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401 - 40-81- 1- & SDIL REPLETE 2 B 932 64436 DUPL oe 64485
402 -

403 -

404 -

405 - GROUP: 814 SITE:  A1:MATRIX SPIKES

406 -

407 -

408 - 4A1-22- §- ¢ S80I SPIKE ONLY B 544 19283 .2 66773
409 - M-23- 3- @ SOIL SPIKE ONLY B 045 19284 o2 66424
410 - 41-31- 1- 16 SDIL SPIKE DNLY p 808 67444 SPKE o 66626
M1 - 4-30- 1-16 SOIL SPIKE ONLY P Bi3 67449 SPKE o2 66696
12 - A1-33- 1-19 SOIL SPIKE ONLY 5 8i6 67452 SPKE oe 66678
A3 - 41- 34~ 3- ¢ SEDIMENT SPIKE ONLY B 818 67434 SPKE .2 66691
414 - 41- 35~ 3- ¢ SEDIMENT SPIKE ONLY B 821 67457 SPHE oe 66714
415 ~  A1- 36~ I~ < SEDIMENT SPIKE ONLY B 823 67439 SPKE .2 66729
416~ M-37- 1- & SIIL SPIKE DMLY B 828 67464 SPHE e 66751
47~ 4-38- 1- & SOIL SPIKE ONLY B 830 67466 SPHE oSe 66784
AlB - A1-39% 1- ¢ SDIL SPIKE ONLY B 832 67468 SPKE - 66432
M9~ M-40- 1- 2 SOIL SPIKE ONLY B 933 64497 SPKE . 66470
420 ~ 4- M- 1- & SDIL -SPRRE SPIKE ONLY B 936 64500 SPKE .

21 -

422 -

423 -

24 - GROUP: #14 SITE: A2:BLANKS

425 -

426 -

427 - 42- 13- 1- & SDIL 0OBI6 LAB BLANK B 834 67470 BLMK .2

428 - 42- 16~ 1- & SOIL 0BG LAB BLANK B 835 67471 BLN B

429 - 42-17- 1- 10 SOIL (0BG LAB BLANK J 836 67472 BLNK oa

430 - 42- 18- 1- 1| SOIL 0BG LAB BLANK K 837 67473 BLW -5

431 - 4&2-19- -6 SDIL 0BI5 LAB BLANK p 838 67474 BUNK A

432 - 42-20- 1-17 SOIL OBi6 LAB BLANK ] 839 67475 BLMK .2

433 -

434 ~

435 ~

436 -~

437 -

438 -

439 ~
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ATTACHMENT 2

KEY TO RATIONALE FOR SAMPLING DEPTH,
LOCATION AND INTERVAL
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ATTACHMENT 2

REMEDIAL INVESTIGATION/FEASIBILITY STUDY
CRAB ORCHARD NATIONAL WILDLIFE REFUGE

SPECIFIC RATIONALE FACTORS
FOR SELECTING SAMPLES AND ANALYSES
FOR PHASE |

KEY TO RATIONALE FACTORS CITED IN ATTACHMENT 2
(Used in Sampling - See Attachment 1)

ANALYSIS SETS

A.

Note:

Analysis Set A (organics screening, metals, cyanide, indicators,
explosives, nitrogen and phosphorus) is specified for all sites
where few or no previous analytical tests have been conducted.
This sequence of analyses was chosen to enable problem identifica-
tion associated with the range of industries which have operated
on the Refuge. The results of organics screening are used to
determine sampling locations for resampling and analysis by full
CLP protocol (Analysis Set F).

Analysis Set B consists only of PCB analysis. This set is spec-
ified only for samples within the Area 9 Building Complex (Site 33)
and portions of the Area 9 Landfill (Site 32) where the spatial
distribution and limits of PCB contamination are to be determined.

Analysis Set C consists of PCBs, PCDF/PCDD screening, indica-
tors, nitrogen and cation exchange capacity. Set C analyses are
specified only for intermediate core sections (top, middle and
bottom) within the Area 9 Landfill.

PCDF/PCDD screening in set C has been changed to the full
CLP protocol analysis (addition of Set H) during the initial
sampling effort. This change was necessary to avoid a second
round drilling effort in Phase | (d). This represents a change to
the original Work Plan.

Analysis Set D is the same as Analysis Set A, except that
PCDF/PCDD screening is aiso included. One sampie (and some-
times 2 or 3) was selected from each site which was anticipated to
contain PCBs or organics for PCDF/PCDD screening.

Analysis Set E consists of the Primary and Secondary Drinking
Water Standards. These are conducted only on the Phase | water
supply samples (Samples 34-1 through 34-5). Phase Il Crab
Orchard Lake water column samples (Samples 34-6 through 34-15)
are to be analyzed for a wider range of parameters which will be
selected after evaluation of results from the Phase | sampling
effort. However, at least one water column sample will be an-
alyzed for the full Set G suite of parameters, as requested by
U.S. EPA. This represents a change to the original Work Plan.
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Analysis Set F is conducted on a second round (Phase | (d))
re-sampling for selected locations which were previously analyzed
for the Set A suite of analyses. [t consists of a second round of
organic analyses by full CLP protocol. The rationale for selection
of Set F samples is to choose those samples on a given site which
show the highest concentrations of organics (by FID screening,
PCB, TOC, TOX, or organic nitrogen). The Set F organic CLP
analyses will then establish those parameters to be emphasized
during the Phase Il investigation of extent of contamination.

Analysis Set G is conducted on a second round (Phase | (d))
re-sampling for selected locations which were previously analyzed
for the Set A or D suites of analyses by full CLP protocol in
addition to PCDF/PCDD analyses by full CLP protocol. The ratio-
nale for selection of Set G samples is similar to that for Set F,
except that Set G is specified on those sites where PCBs (and
hence PCDF/PCDD) are anticipated to be a potential probiem.

NOTE: The original Work Plan specified that Priority Pollutant metals

analyses by AA Spectroscopy would be conducted for Set F and G
samples in addition to the ICP screening for the corresponding Set
A and D samples. However, the analytical sensitivity of the ICP
analyses has been adequate. Therefore, the AA Spectroscopy
metals have been dropped from the Set F and G suites. This
represents a change to the original Work Plan.

Analysis Set H was previously full CLP protocol PCDF/PCDD
analysis subsequent to screening via Analysis Set C at the Area 9
Landfill. Set H was incorporated into the Set C analyses to avoid
second-round drilling at Area 9 (see note following C above). Set
H has been redefined to consist of organic analyses by full CLP
protocol in addition to PCDF/PCDD analyses by full CLP protocoi
and other soil characteristics as in Set D. Set H samples are not
preceded by a set of screening samples.

Analysis Set | will be conducted on those samples scheduled to be
collected during the Phase Il sampling effort. Samples for Set |
(See Attachment S-4) include groundwater monitoring wells, and
Crab Orchard Lake water, sediment and fish. The Set | suite of
parameters will depend on the analytical results obtained from
Phases la, Ib, Ic and Id.

SAMPLING DEPTHS

Visual observations indicate the presence of potential contaminants
(sludges, debris, etc.) at or near the surface.

Historic information indicated that contaminants may have been
disposed or spilled in the general geographic area, but visual
observations do not provide guidance to location.
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Dispersed contaminants from the potential source area are likely to
have accumulated at or near the surface of stream bottoms or
drainage swales as a result of sedimentation at points of low flow
velocity .

Sampling depths greater than 1 ft were specified because historic
information indicated the possibility that source materials may have
been buried and covered with soil.

Sampling depths greater than 1 ft were specified to determine if
vertical dispersion of near-surface contaminants has occurred.

An upper surface water sample is expected to be representative of
the water column as a whole, since stratification is not expected to
be significant.

Water column samples are specified for a number of intervals of
depth to determine if contaminants are stratified at different
concentrations.

SAMPLING LOCATIONS

P.

Q1.

Visual observations indicate the presence of potential contaminants
(sludges, debris, etc.) at or near the surface in the location
specified for sampling.

Historic information indicated that contaminants were disposed or
spilled in the general geographic area, but visual observations do
not provide guidance to location. Therefore, lateral composites
were prepared to screen a questionable area. If elevated concen-
trations of contaminants are found within a compositing area then
additional Phase |l sampling and analyses may be required to
define the lateral and vertical distribution of the contaminated
area.

Previous sampling and analytical data are available covering this
general area. (See Figure 2 of Status Report dated September 11,
1985 for illustrated data for the Area 9 Building Compiex, Site 33.
Proposed Phase | sampling locations are shown on Figure 1 of that
document). The sampling sites were located to permit the eval-
uation of spatial distributions within previously composited areas.
In addition, the sampling locations attempt to define the limits of
contaminated areas by the sampling of spots expected to be clean
(e.g., outside of ditches and deeper soils underneath contaminated
zones).

Dispersed contaminants from a potential source area are likely to
have accumulated within streams or drainage swales downgradient
or adjacent to the source.

Surface topography indicates that the specified sampling location is
downgradient from a number of potential source areas. A broader
range of contaminants may be present at this location representing
the area as a whole. However, because of differing mobilities



associated with different contaminants, this downgradient sample
e may not be representative of the distribution of materials in the

upgradient sources. In addition, because of dispersion, a down-

gradient sample is likely to be less concentrated than the source
- from which it. came.

T. The specified sampling location is believed to be located upgradient
of the suspected source area or outside of the dispersion pattern
from the suspected source.

U. The specified sampling location is within or near an area of
R stressed or unusual vegetation pattern,

V. Ground water monitoring well is located downgradient from a
e » 7~ suspected source area.
- / ” ',.(.',;' ‘—“‘ S p

LAt
rvl-"‘“ '
/,,1, /. SAMPLING INTERVAL AND NUMBER OF SAMPLES
Koo
- &*'( " W. The suspect area is small in size (1 to 10 sq ft) and well defined,
AN e ””/ either because of physical appearance or to evaluate a single-point
/ cere area. Closely-spaced (2 to 5 ft) lateral composites of from 1 to 4
et . 41 samples are specified to characterize the single-point area.
[ X. The suspect area is large in size (greater than 100 sq ft or longer
waei ; than 100 ft). Generally, in the larger compositing areas, there

are few features to suggest whether or not a problem exists, other
than a historic report of past activities in the generai area.
Samples are spaced from 20 to 50 ft apart and composited. It was
generally attempted to limit the number of samples in the composite
within the range of 6 to 10, since sensitivity to detecting a hot
spot is reduced as the number of samples in the composite in-
el ‘ creases.

ol

' Z. The sampling interval for vertical samples is self-explanatory on
i Table S-2. The objective for obtaining depth samples is to deter-
‘ mine the vertical distribution of buried materials or to evaluate the

limits of vertical migration from a near-surface source material.
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ATTACHMENT 3
MACNETOMETER SURVEY PROTOCOL
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ATTACHMENT 3
MAGNETOMETER SURVEY PROTOCOL

A grid system will be established upon the ground surface and at
the locus of each point a the total magnetic field will be measured. The
grid spacing will be sufficient to detail the site(s) location and bound-
aries.

A Geometric proton magnetometer, Model G-816/G826 or the equiva-
lent, will be used to conduct the survey. The magnetometer will be
operated in accordance with the operating manual.

A base station will be established outside the survey area in an
area with no known buried or surface ferrous-metallic objects. Read-
ings at the base station will be repeated every one (1) hour and at the
beginning and end of each day. At each point of the grid system, the
station location and magnetometer readings will be entered into the

geologist's field book for later reduction.
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ATTACHMENT 4

ELECTROMAGNETIC TERRAIN CONDUCTIVITY SURVEY PROTOCOL
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ATTACHMENT 4
ELECTROMAGNETIC TERRAIN CONDUCTIVITY SURVEY PROTOCOL

A grid system will be established upon the ground surface and at
the Locus of each point. A measurement of conductivity will be made
by the Geologist at each locus of points throughout the grid with
supplementary measurements made if deemed necessary.

The instrument utilized will be a GEONICS EM-31 portable, Terrain
Conductivity meter. .= The instrument shall be operated in accordance
with Guidelines outlined in the operating manual. A permanent record
of results taken in millimhos per meter obtained will be entered into the

geologist's filed book for later reduction.
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ATTACHMENT 5
ANALYTICAL PROCEDURES FOR EXPLOSIVES IN SOILS
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5. APPLICATION:

HMX

RDX

NB
1,3-DNB
1,3,5-TNB
2,4=-DNT
2,6-DNT
2,4,6-TNT
Tetryl

METHOD No.: &H

DATE: 4-21-83

EXPLOSIVES IN SOIL BY HPLC

Determination of the following nitro-compounds in soil.

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
Hexahydro-1,3, S-trinitro—s-triazine

Nitrobenzene

1,3-Dinitrobenzene

1.3.5-Trinitrobenzene

2,4-Dinitrotoluene

2,6-Dinitrotoluene

2,4,6~Trinitrotoluene
2,4,6-Trtnitrophenylmethylnitramine

A. Tested Concentration Range:

HMX

RDX

NB
1,3-DNB
1,3,5-TNB
2,4-DNT
2,6~DNT
2,4,6~TNT
Tetryl

1

0.376-188 ug/g
0.253~127 ug/g
0.197-98.4 ug/g
0.242-121 ug/g
0.215~107 ug/g
0.240-120 ug/g
0.217-109 ug/g
0.301-151 ug/g
0.265-133 ug/g

. 3. Sensitivity: Peak height near the detection limit. (1 mm = 28

arbitrary units on the integrator readout.) Representative
chromatogram near the detection limit can be found in Appendix I.

RDX

1 ) 3‘DNB
1,3,5~-TNB
2 » 4"DNT

2 ] G-Dlﬂ'

2 s 4 ] 6-’1'N'1‘
Tetryl

Peak Height in mm at
an Attenuation of 2-2

12 mm for 0.754 ug/g
18 om for 0.506 ug/g
11 mm for 0.394 ug/g
23 mm for 0.485 ug/g
20 mm for 0.430 ug/g
16 mm for 0.480 ug/g
9 mm for 0.434 ug/g

19 mm for 0.602 ug/g
10 m for 0.530 ug/g
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USATHAMA CERT.
EXPLOSIVES IN SOIIL BY =Z5iL

Detection Limits:

X

RDX

NB
1,3~-DNB
1,3,5-INB
2,4-DNT
2,6-DNT
2,4,6-TNT
Tetryl

0.376 ug/g
0.474 ug/g
0.197 ug/g
0.242 ug/g -
0.231 ug/g
0.240 ug/g
0.217 ug/g
0.301 ug/g
0.265 ug/g

Interferences:

1. Any compound that 1is extracted from soil that gives a retention
time similar to the nitro-compounds and absorbs U.V. at 250 nm.

2. Millipore GFWP-01300 filter type GS pore size 0.22 micrometers
dissolve in the solvent used.

3. Tetryl and 2-amino-4,6-dinitrotoluene coelute. If a tetryl peak .

is found in samples, pH adjustment is necessary to separate the
peaks to determine which compound is present. -

2,4,6-Trinitrobenzaldehyde decomposes rapidly in water solution.

Once the acetonitrile standard is made into mobile phase this
becomes a problem.

Analysis Rate:

-After instrument calibration, one analyst can analyze two samples
in one hour. One analyst can conduct sample preparation at a rate

of three samples per hour. One analyst doing both sample preparationm
and the HPLC analysis can run 16 samples in an 8-hour day.

!- CHEMISTRY :

Chemical Abstracts Service Registry Number:

RDX

NB
1,3-DNB
193,5-m
2.4-DN'1‘
2’6‘DNT
2,4,6-TNT
Tetryl

HMX 2691-41-0

121-82-4
98-95-3
99-65~01
99-35-4

121-14-2

606—-20-2

118-96~7

479-45-8
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EXPLOSIVES IN SOIL °

| L Chemical Reactions:
- : 1. RDX and HMX can undergo alkaline hydrolysis.
; 7. RDX and HMX degrade at temperatures gréater than 80°C in an
organic solvent.
2, Physical Properties:
' [
Formula Mol. Wt. M.P.(°C) B.P.(°C)
; B | C;BgN.Og 296.16 276 -
% RDX C3H6N606 222.12 205 -
s NB C6H5NO2 123.11 6 211
1,3-DNB 06H4N204 168.11 90 302
e 1,3,5-TNB C6H3N306 213.11 122 315
2,4-DNT C756N204' 182.14 71 300 .
i (decomposes)
2,6-DNT C7H6N204 182.14 66 -
i 2,#, 6-TNT C7H5N306 227 . 13 82 240
) . (decomposes)
- Tetryl C7HSN5°8 287.15 131 187
il b
I APPARATUS:
I
. A. Instrumentation: Perkin Elmer series 4 High Performance Liquid
Chromatograph (HPLC) equipped with a Perkin Elmer 1SS-100 Auto-
Injector and Perkin Elmer variable wavelength detector LC-75.
— Hewlett Packard 3390 recording integrator in peak height mode
was used to record the data output. .
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3. Parameters:

R e W

1. Column: Two columms are used in series, in the order listed.
ol a. DuPont Perma;ihaseR ODS guard columm.
b. DuPont ZorbaxR ODS 4.6 mm 1.d. x 25 cm HPLC
o column with a particle size of 5-6 microms.

2. Mobile Phase: The water/methanol ratio must be adjusted as
- ) described in the calibration Section V C to obtain optimum
' peak separation. ; i

o ' 44-50% water
' 28-34% methanol
22Z acenotrile

o)

3, Flow: 1.6 mL/min with a pressure of approximately 2860 psig.

4, Detector: 250 nm

I-=3' 5. Injection Volume: 50 uL.

Wil , 6. Retention Times: Minutes
1 X 3.38

i 3 ' RDX 4.21
! NB 7.33

1,3 DNB 6.63

Yot 1,3,5-TNB 5.74
- 2,4-DNT 9.89

‘ 2,6~DNT 9.50

i - 2,4,6-TNT 8.93
: Tetryl 7.98

0o C. Hardware/Glassware:

1. Syringes: 25 uL, 50 ul, 100 uL, 250 ulL,
5 mL gas tight syringe (Hamilton 1005 TEFLL)

-ht

2. Serum vials with crimp caps and Teflon-lined septa
Nominal volume of 0.25 mL, 1 mL, 5 mL.

Pasteur pipettes and disposable micropipettes.

13 mm stainless steel syringe filter holder
(Rainin Instrument Co., Inc. #38-101)
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USATHAMA CERT.
EXPLOSIVES IN SOIL BY ¥

Hardware/Glassware: (continued)

5. 13 mm x 0.5 micron fluorocarbon filter
(Rainin Instrument Co., Inc. #38-103 Zefluor disc)

6. Whatman 10 mm glass microfiber prefilter

7. U.S. Sieve series 600 (30 mesh)

8. Aluminum foil pans

9. Liquid chromatograph columm 1" o.d. x 12"

10. 2 mL, 3 mL, and 5 mL pipettes

Chemicals:

1. Acetonitrile, distilled in glass for HPLC use

2. Methanol, distilled in glass for HPLC use

3. Ethyl Ether, distilled in glass for HPLC use

4. Hexane, distilled in glass for HPLC use

5. ASTM Type II Water

6. SARMs for the nitro-compounds

STANDARDS: All concentrations are based on a stock solution
concentration of 2000 mg/L. Appropriate adjustments should be
made if actual concentration varies from this figure.

" A,

Calibration Standards:

1.

Stock Calibration Standards: Stock solutions containing

approximately 2000 mg/L of a nitro-compound are prepared
by accurately weighing 10 mg of a SARM into a 5 mL serum
bottle and dissolving the nitro-compound in 5 mL of
acetonitrile pipetted into the bottle. All compounds
appear to be stable for 3 months.

Intermediate Calibration Standards: All compounds appear

to be stable for 3 months.

1. Intermediate Calibration Standard A (high level): Add
the following volumes of stock calibration standard '
and seal with a Teflon-lined septum cap. Store in
the dark @ 0°-4°C. The resulting solution (5.8 mL)
will have the concentrations indicated in the following
table.
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% A Calibration Standards: (continued)

e’ Intermediate Calibration Standard A
: Amt. (ulL) of
— ’ Stock Cal. Resulting conec.
Nitro-compound Std. to add (ug/mlL)
Mo N HMX 1000 345
E RDX 600 . 207
_ NB 400 138
e 1,3-DNB 500 172
1 1,3,5-TNB 500 172
2,4-DNT 500 172
- 2,6-DNT .500 172
2.4.6—TN'1' 700 241
: , Tetryl 600 207
. - TNBA* 500 172

iz

. %¥2,4,6-Trinitrobenzaldehyde was originally included for certificaticn.
' However, the compound is too unstable in water solutions to obtain

- reproducible certification data. It was included in this table as

~, 1t affects the total volume used to calculate concentration of the
other nitro~compounds.

e

ik

—_— “

'b. Intermediate Calibration Standard B (low level):

S

TQQ Pipette 4.5 mL of acetonitrile into a 5-mL serum vial. Add

N 500 uL of Intermediate Calibration Standard A. Seal with a
0 ; i Teflon-lined septum cap and store in the dark @ 0-4°C. The
: o resulting solution (5.0 mL) will have the concentrations
U indicated in the table below:

Intermediate Calibration Standard B

’ Resulting conc.
Nitro-Compound (ug/mL)
3
HMX 34.5
RDX 20.7
Al g NB 1 3 - 8
1,3-DNB 17.2
1,3,5-TNB 17.2
— 2,4-DNT : 17.2
2,6~DNT 17.2
2,4,6~TNT 24.1
— Tetryl . 20.7
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). Calibration Standards: (continued)

3. Working Calibration Standards: To a series of ten 5-mlL serum
vials, approximately one gram of prepared soil (see section V.B.)

- 18 accurately weighed into each vial. Using a syringe, the
volumes of intermediate standard solutions indicated in the
4 following table are injected onto soil. The serum vial is
- I covered with a septum and shaken.until the soil no longer looks
1 wet (approximately 60 seconds). The septum is removed and the
' indicated amount (see Table below) of acetonitrile is pipetted
ot onto the soil. The septum i3 replaced and the cap crimped on
the vial. The sealed sample is blended on a vortex mixer for
_ approximately 2-3 minutes. The sample is prepared via the
- procedure given in this method, to give the target concentrations
in the following table.
. WORKING CALIBRATION STANDARDS
i
L Resulting Concentration (ug/g)
} Amt. (ul) | Amt. (:.) 1,3-DNB;
o Intermed. | Aceto- 1,3,5-TNB;
- 3 N, Cal. Std. Nitrile 2,4,6—- ' 2,6~DNT;
{ =me. | to Add to Add HMX TNT Tetryl 2,4~DNT NB
A B _ '
il ’ I SR
} 0 0 2.0 0 (] 0o 0 0
kX - 112 2.0 0.414 0.289 0.248 0.206 0.166
“ MX | - |2 2.0 0.828 0.578 0.497 | 0.413 0.331
}Sx 6| - 2.0 2.07 0.145 1.42 1.03 0.828
: I 12 - 2.0 4.14 2.89 2.48 2.06 1.66
" ; | 2 - 2.0 8.28 5.78 4.97 4.13 3.31
vj'x 60 - 2.0 20.7 14.5 1472 .~ | 10.3 8.28
i:--! 120 | - 1.9 41.4 28.9 24.8 20.6 16.6
% X {240 - 1.8 82.8 57.8 49.7 41.3 33.1
' I 1600 - 1.4 207 145 142 103 32.8

B Control Spikes: Control spikes are prepared in the same manner as the
calibration standards.

‘..:;‘ nmmm .

:*M0TE THE FOLLOWING SAFETY PRECAUTIONS:

:-siu,:‘h-'

.§%9 A 5-mlL gas tight syringe (Hamilton 1005 TEFLL) is used,as the teflon/

SR s
i

ﬁ_glass seal ia less likely to cause an explosion than glass/glass.

T g

Tl
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USATHAMA CERT.
EXPLOSIVES IN SOILS .

The nitro—compounds are less reactive when wet, so every precautic:
should be taken to ensure that work areas are kept clean and that
golutions are not left unattended and allowed to dry.

The filtering apparatus is immersed in a water bath and disassembled
under water immediately after use. The danger here is solution gettin:
dried on the threads of the filtering apparatus and detonating.

When preparing SARM stock standards from pure compounds which are
stored in water, small aliquots are scooped onto a nylom or poly-
vinylidene chloride filter. The water is vacuum filtered off and
an appropriate quantity of the "dried" material is weighed out for

stock standard preparation. Any extra compound thus dried is disposed
of.

Prior to working with explosives, it is advisable to discuss safety/
handling/storage requirements with an explosives expert.

Sample Preparation: The soil sample is removed from the sample

bottle and spread out in aluminum foil trays. The sample is air
dried. The dried soil is screened through a US series 600 sieve
(30 mesh). This screened sample 1s subsampled according to ASTM

procedure D346. The moisture content is determined by ASTM Method
D2216-71.

Extraction:

1. Accurately weigh 1 gram of prepared soil (see section V.A. above)
into a 5-mL serum vial, and pipette 2 mL of acetonitrile onto the
soil, ' '

Place a septum and cap on the vial, crimp into place, and shake
the vial thoroughly on a vortex mixer for 2-3 minutes.

2. Set up the filtering apparatus, as shown.
5-mL syringe barrel (plunger removed)

I N

S5-mL syringe fitted with a Rainin 13 mm
stainless steel filter holder with a
10 mm glass microfiber prefilter and a

0.5 micron fluorocarbon filter. -—-_____-; I

1 mL serum vial to collect filtered _——\/———L

sample ""““-—————_.)‘].-[
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FROCEDURE:

(continued)

-USATHAMA CERT.
EXPLOSIVES IN SOILS BY HFLC

Prepare the sample for injection as follows:

a.

b.

C.

d.

Pour the sample extract into the syringe.

Place the plunger in the syringe and force at least
500 uL of the filtrate into a l-mL serum vial.

Using a disposable micropipette, accurately measure
200 uL of filtered extract into a l-ml serum vial.
"~ Accurately measure 600 ul of a 33% methanol/67%
water solution onto the filtered sample. This will
produce 800 ul of extracted sample in mobile phase.

Place a septum and cap on the vial and crimp into

place.

Shake the vial well to thoroughly mix.

Store in the dark @ 0-4°C until ready to analyze.

For samples outside the calibration range, a smaller sample .
volume 1is extracted into 5-mL of acetonitrile.

ae.

Accurately weigh 0.2 gram of prepared soil into a 5-mL
serum vial, and pipette 5 mL of acetonitrile onto the

soil.

Place a septum and cap on the vial, crimp into

place, and shake the vial thoroughly on a vortex mixer

‘for 2-3 minutes.

Prepare the sample for injection as follows:

1) Pour the sample extract into the syringe.

2) Place the plunger in the syringe and force at
least 3 mL of the filtrate into a 5-mL serum

3)

vial.

Using a disposable pipette, accurately measure

1 mL of filtered extract into a 5-mL serum vial.
Accurately measure 3 mL of a 33Z methanol/67% water
solution onto the filtered sample. This will produce
4 mlL of extracted sample in mobile phase.

Alternately, the sample extract and methanol/water
solution may be accurately weighed into a 5-mL

serum vial.

(lmL=1g)



USATHAMA CERT.
EXPLOSIVES IN SOILE Iy i

4) Place a septum and cap on the vial and crimp into place.
Shake the vial well to thoroughly mix. Store in the
dark @ 0-4°C until ready to analyze.

Wivhai

c. If the solution prepared from the 0.2 g sample is still
above the calibration range, make dilutions of the extract
obtained in 4b(1l) by taking an appropriate aliquot and
adding mobile phase (e.g. 100 mg of acetonitrile sample
extract in 20 mL mobile phase) to produce a solution

st - within the calibration range of the instrument.

SIS Yo ds AR A r et i

¢. Instrument Calibration/Sample Analysis:

1. Using the auto-injector manufacturer's recommended procedure,
introduce 50 ul of the 2X working calibration standard into
the chromatographic system. Check the chromatogram to ensure
separation of the nitrated toluenes and separation of the

i nitrobenzene and tetryl. If necessary, adjust the water/
methanol ratio of the mobile phase until separate peaks are

- y B distinguished. As the column ages, less methanol is required.

a2 Generally, the column ages rapidly the first 24 hours, after

: which it is fairly stable.

o 2. Once good peak separation is obtained, introduce 50 ulL of each
' Lt working calibration standard and sample into the chromatographic

-y system using the auto-injector manufacturer's recommended

procedure.

A

B. CALCULATIONS:

(peak ht. = K) x C x E
slope x Ax B xD

iﬁ}- Sample Concentration (ug/g) =

A

where:

fi0 K = y-intercept of the calibration curve regression line

slope = slope of the calibration curve regression line

8 oL mobile phase

1 gram sample = a constant for this method.

= Explanation: the instrument reads the total ug in
the 50 ulL aliquot of sample injected. This constant
enables results to be interpreted as ug/g, as the
calibration curve in ug/g is obtained by

2 mL acetonitrile to extract x 4 ml. mobile phase
1l gram calibration std. sample 1 mL acetonitrile extract
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USATHAMA CERT.
EXPLOSIVES IN SOTIL$S BRY BFI:

‘ ~ CALCULATIONS: (continued)
N e —

i
¢

i ¥

PYEPRTRR L

B = sample weight
C = L acetonitrile used to extract sample
D = ol acetonitrile extract diluted into mobile phase

E = final volume in mlL of mobile phase prepared for
injection .

NOTE: When samples are prepared the same as the calibration standards
(1 gram extracted into 8 mL of mobile phase), the above calculation

becomes:
Sample _
Concentration - (Peak 81;; %ht K)
(ug/g) P

B. All soils data must be reported on a moisture-free basis. Hoiéture
content is determined by ASTM D2216-71. 100Z-% Moisture = X solids.

Concentration on a = analyte concentration % 100
moisture free basis % solids :

% REFERENCES:

A. USATHAMA Method 2C Cyclotrimethylenetrinitramine (RDX) in

Soil and Sediment Samples, 12~3-80.

USATHAMA Method 8H Explosives in Water by HPLC, 12-27-82.

_1 1
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EXPLOSIVES IN SOILS BY &DLL

APPENDIX I: CHROMATOGRAMS

EXPLOSIVES IN SOIL - ACETONITRILE EXTRACTION
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1.48
HMX ‘ 2.11
4.
1,3,5-TNB z
- 1,3-DNB ———— e ——5.59
Tetryl —— = === — = ; }?
2,4,6-TNT ——
R e o5
- '9 58
ST
RUN § 145 - APR/22/83 12:58:2% RUN 8 148 ' APR/722/83 14:04:0
D 1 D 1
HEIGHTX ' HEIGHTZ

RT HEIGHT TYPE AR/HT  HEICHTX RY HEIGHT TYPE AR/HT  MEICHT
1.49 583 VW 9.435 11.623 1.40 596 BY 0.344 2.10
g.gs ggg ca 3.135 18.666 2.11 444 PV 0.1 .57

.38 B 9.155 ) 3.29 2399 PB  0.15 . B.
4.21 526 oy e 185 NE 392 s o208 448
5.74 5723 P8 0.201 11.423 5.59 4384 PB 9.186 15.56
6.63 632 BP 6.200 12.600 6.46 4822 P8 6.191 . 1785
7.98 280 VB 6.258 5.582 A 2286 VB 0247 8. uo_
8.93 9539 BY 0.251 . lg?ﬁf 8. 65 3585 BY 8 241 12 3

2.58 253 W 8.243 5.164 9.21 1836 Vv 9.227 r
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ANALYTICAL PROCEDURE FOR DIOXINS AND DIBENZOFURANS
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wiical method permits determinations of parts-per-
4 wmis and lower of tetrachioro through octachioro
tagee o dbenzo-p-dioxins and dibenzofurans In various
Hikiogical tissues and sediments. Preliminary tests
Rated the method is applicable to determinations of
8 Brough hexachloro congeners of ortho-unsubsti-
i{lamud_ biphenyls. Interferences both from
b aad from xenoblotic substances are reduced to ex-
{"WWrleveis. The procedure has an exiremely low
5 MY (o false-positive determinations which could re-
Ve presence of a wide variety of cocontaminants.
% ®proach to contaminant enrichment has permitted
Wlon of seven processes Into a two-step procedure,
g‘.}_"i"dudng time requirements and the number of
g“'lhzlamms. and making the procedure amenable
’g'.‘l The relfabiiity and accuracy of the procedure
g"‘“ﬂ by the results of Intralaboratory and Inter-
t V7 Wadles and by successful analyses of over 200

da
- l\,"d. variety of types.
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' iy tompounds that have in recent years been
"hthe potential to cause serious environmental
{1-6). These substances are trace-level com-

& 'hﬁﬂdnm in several large-volume and widely used
’l‘tm‘-'ll. principally PCBs and chlorinated phenols
nd be produced during combustion processes
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-parmination of Part-per-Trillion Levels of Polychlorinated
=enzofurans and Dioxins in Environmental Samples

semes Y. Smith * David L. Stalling, and James L. Johnson
wnw National Fisheries Research Laboratory, U.S. Fish and Wildlife Service, Route I, Columbia, Missourt 65201

pendent on the number and positions of the chlorine sub-
stituents (15). About 10 individual members of a total of 216
PCDDs, PCDFs, and non-ortho PCBs are among the most
toxic man-made or natural substances to a variety of animal
species (I-4). The toxic hazards posed by these chemicals are
exacerbated by their propensity to persist in the environment
(16~18) and to readily bioaccumulate (J9-21), and although
the rate of metabolism and elimination is strongly species
dependent (20), certain highly toxic isomers have been ob-
served to persist in the human body for more than 10 years
(22).

The majority of scientific and governmental concerns for
the hazards of these compounds have been directed toward
analytical methodologies, toxicology, epidemiology, and de-
termination of the dispogition in the environment of the single
most toxic isomer, 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) (1-6, 8).

More recently, however, investigations into the formation
and occurrence of PCDF's suggest that this family of toxic
compounds may commonly occur at comparable or greater
levels than and could generally pose a greater hazard than
PCDDs. PCDFs are often found as cocontaminants in and
are readily produced from pyrolysis of PCBs (7, 23-26). Most
important, the PCDFs produced from pyrolysis of PCBs are
predominantly the most toxic isomers, those having a
2,3,7,8-chlorine substitution pattern (5). A number of recent
fires involving electrical transformers and capacitors have
demonstrated the potential for formation of hazardous levels
of PCDFs from pyrolysis of PCBs (26-28, 30).

In light of these findings and because of the dearth of data
pertaining to the occurrence of these compounds in the en-
vironment, PCDFs and non-ortho PCBs were included as
target compounds in a proposed survey by this laboratory of
important U.S. rivers and lakes for PCDDs. The decision to
include as many PCDD isomers as possible was based on
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Heu. S (1) several other PCDD isomers are also ex-
¥ omy 351 (15); (2) pentachlorophenol, a large-volume
'} sgumend wood preservative, contains relatively high levels
. bepta-, and octachlorodibenzodioxins and essentially
400 (7, 8, 29); and (3) incineration of materials con-
Semyrddorophenols readily produces mixtures of PCDDs,
%a~$TCDD is a mtinor component. On the other hand,
Xy axic 1,2,3,7,8-pentachloro isomer is a major com-
2 PCDD incineration products of pentachlorophenol
§ 8. Campanent-specific analyses can be a crucial link to
‘Fewms of contamination because different sources of
3£vaed PCDF's usually produce mixtures of distinctly
¥-%at nlative component abundances (7). On the other
% 3 preferential accumulation of certain isomers in
:‘:iﬂy prevent source identification from analyses of
oy mmples,
_ _“'ﬂ‘ﬂiﬂl method developed for this investigation was
W18 meet six criteria: (1) permit determinations of
":Nf these compounds, especially those possessing
; chlorine substituents; (2) permit isomer-
inations of the most toxic or otherwise im-
“S:Pounts; (3) provide a lower limit of detection for
components of between 1 and 5 parts per trillion
;'l‘!ﬁzty of environmental samples; (4) generate data
S 'F.!#hble and adequately defined level of accuracy
‘:‘E (5) exhibit a very low and well-defined sus-
* 7 Winterference and false-positive determinations;
- 3Mimize analyst’s time requirements to permit
a‘?h{n numbers of samples.
®¥ations of PCDDs and PCDF's demand an unusu-
,.:N of analytical assurance, not qnly be.cause of the
: ih,hlﬂl of these compounds, the intensity of public
' concern, and the widespread nature of the
-‘?‘b? because of the great difficulties in rigorous
4 of individual isomers. These difficulties are not
n &ud to the problems of distinguishing between
‘% Problem is essentially solved (31-34)—but are
&:’: Possibility of specific and nonspecific inter-
I Ratural and especially xenobiotic substances
S bereiy are the description of an analytical method
Q‘~. 2 of validation and applications studies which
‘g 0Tacy and reliability and demonstrate the utility

h2
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COLUMN #3
Carton Geags Froers

Figure 2. Schematic of part I enrichment apparatus.

of the method developed for the determination of PCDDs,
PCDFs, and non-ortho PCBs in a variety of environmental
matrices.

EXPERIMENTAL SECTION

Enrichment Procedure. Tissue and sediment or soil samples
(spiked with isotopic marker compounds) are processed in a
two-part enrichment procedure (Figure 1). In part I, a mixture
of the sample and sodium sulfate is subjected to solvant extraction,
and the extract is, in the same process, passed through a series
of silica-based adsorbents and then through the carbon/glass fiber
adsorbent. The extract passes through the adsorbents in the
following order: potassium silicate, silica gel, cesium or potassium
silicate, silica gel, and finally an activated-carbon adsorbent. The
residues of interest {[PCDDs, PCDFs, and non-ortho PCBs, as well
as other chemical classes such as polychlorinated naphthalenes
(PCNs), polychlorinated biphenyienes, and certain polynuclear
aromatic hydrocarbons] are retained on the carbon adsorbent and
subsequently recovered by reverse elution with toluene.

In part II of the procedure, following a change of solvent to
hexane, the sample is applied to a second series of adsorbents
contained in two tandem columns. The first column contains
smail amounts of cesium or potassium silicate and sulfuric acid
impregnated silica gel. The effluent from this column flows
directly onto the second column containing activated alumina on
which the final fractionation of several classes of residues is
accomplished. Following reduction of sample volume, analyses
are carried out by high-resolution gas chromatography/low-res-
olution mass spectrometry/computer data system analysis
(HRGC/LRMS/DS) and under some circumstances by gas
chromatography/electron capture detector analysis (GC/EC).

Part I. The components of the apparatus used in part I of
the enrichment procedure are depicted in Figure 2. Coluran 1
(about 4.5 cm i.d. and about 1 m long) is connected to column
2 (22 mm id. X 100 mm, Michel-Miller precolumn 5769-34, Ace
Glass, Vineland, NJ) and to column 3 (1.0 cm id. X 6 ¢m
thick-walled, precision-bore glass tubing, Kontes, Vineland, NJ)
by means of standard !/ 4 or !/4 in. 0.d. Teflon tubing and tube
end fittings. Column 3 is equipped with in-house fabricated Teflon
fittings. The solvent flow switching valves are Hamilton minsture
inert valves (Hamilton Co., Reno, NV): selector valve (no. 86781),
on-off valve (no. 86775), and bypass and reverse-flow valves (no.
86781). The washing solvent reservoir is constructed of a 20-cm
length of 12 mm o.d. glass tubing and a 200-mL reservoir fitted
with a 24/40 female ground glass joint. The valving arrangement
(Figure 2) is designed to enable the analyst to perform the fol-
lowing operations: venting of the solvent line from column 1,
venting of the solvent reservoir, bypass of column 2, delivery of
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rm column 1 to columns 2 and 3 sequentially,
"t from the reservoir sequentially to columns 2
" .—n3only, reversal of solvent flow in columns 2
4 "-.;;age of solvent flow in all lines. The solvent
& :_'.:nelv pressurized with 1-10 psi nitrogen during
:,:‘.,, Column 2 is packed with equal volumes, 15

. wvert

. um or potassium silicate and silica gel (EM-60,

PEC

f':,,‘,d) bracketed by plugs of glass wool or preferably

" rher filters (3-um retention GF/D, Whatman Inc.,

é' * i Column 3 is packed with a mixture of Amoco PX-21

- and glass fibers as described previously (36).
~acked in the following sequence: two disks of glass

i-.
}::- .:’-.;a(GF/D' 4.7-cm diameter, Whatman Inc., Clifton,

. of anhydrous sodium sulfate, 30 g of silica gel

o activated), 30 g of potassium silicate (130 °C
- wygofalid (w/w) mixture of the sample and an-
,:‘ng sulfate, and lastly a 2-cm depth of anhydrous

et

s usually packed with fresh adsorbents

amounts of extracted materials, such as lipids, are

| 4

_ #\g carbon adsorbent in column 3 is routinely reused
. oq WBNES (under 3-8 psi of nitrogen) between samples
_ g kwing solvent sequence: 100 mL each in reverse flow
o awhunol, toluene, and cyclohexane/methylene chioride
1 mmet A). Column 2 is bypassed during these washings

s ¢ final washing with solvent A, which is directed

L w2 2in the reverse direction to remove residual air
- wsw ccotaminants. Care must be taken to avoid passing

s 2rough column 2. Another 100 mL of solvent A is

went 00¢d through columns 2 and 3 in the forward direction
ey wivent washing. Complete displacement of toluene
wesmx ) is essential. After columns 2 and 3 are properly

e lumn 1 is loaded with adsorbents and sample, a

we-wonlly 100 uL) of marker compounds is applied to
¥, o washed onto the packings with four or five 20-mL

wea) portions of solvent A using a Teflon wash bottle.
we valve is positioned so that column 1 is connected
t oo and air is allowed to escape. The flow of air from
&t % oonitored as it bubbles through solvent at the vent
Altze the sample is spiked with marker compounds,
tlmlvent A is carefully applied to column 1, and the
i the solvent front is observed. As the solvent front
M 2xesfer line (about 1 m in length), air bubbles in the
mwewd by stopping the flow and tapping the line. When
tvat reaches the selector valve, the valve is reposi-
¥érect the extract through columns 2 and 3, and the
& procedure is under way. The effluent is collected in
tioned above columns 2 and 3 to maintain a positive
=e0n these columns. The height of column 1 above
e flask is adjusted to produce a solvent flow of not

> Wt$ nl/min but sufficient to complete the process

y the solvent flow will slow or stop during

el tage and will require the application of 1 or 2 psi of

.I"-_Nhe system at column 1. Rarely, the glass fiber
wlet end of column 3 become clogged during the
"o decomposed or very oily (especially lake trout)

" *educe these complications, a removable column (1.0

*3 cm) containing 4 or 5 disks of glass microfibers
®d ia line at the exit end of column 2. If this filter
ed, it can be replaced during the process.

oy !
_‘Zf:"Pleaon of the initial extraction/adsorption op-

oy assing column 2) is washed in the forward
i3mL of solvent A and then 50 mL of methylene
N M/benze.ne (75/20/5) at a flow of approximately
N T washings are collected in the flask with the
—~ Teservoir is then charged with 40 mL of toluene

the carbon (column 3) in the reverse-flow

: ."Mately 2 mL/min and collected in a 100-mL

:Qj/ 40) flask. At this point, part I of the procedure

e

"Wy I toluene is subjected to rotary evaporation at

¥actum of about 0.1-0.2 atm. The rotary evapo-
< TR be maintained in an uncontaminated condition
f ‘my with organic solvents. No lubricating greases

. i ; ety of the sample is protected during rotary

Ceswum Sil (0.54g, 2cm)

40%H,SO, @ Siica Gel (0 47g. 2cm)
e (51385 WOO!

s S00IUM Suifate

B |

s Alurmina {3.65q. 3.50mt)

O T RN e U O

e Glass Wool!

é

Figure 3. Schematic of part II enrichment procedure.

evaporation by the use of a vapor trap situated between the sample
flask and the evaporation apparatus; the vapor trap is thoroughly
washed with toluene between samples. The toluene solution
(sample) is carefully reduced to less than 1 mL or just to dryness
and removed immediately. The solution or dry sample can te
stored in a freezer. At this point, the sample is ready for part
IT of the procedure (after removal of all toluene).

Part I1. The apparatus for part II of the enrichment procedure
consists of two columns arranged in tandem (Figure 3). Column
4 is prepared from a disposable Pasteur pipet and is packed first
with a plug of glass wool, then with 3 cm (0.50 g) of sulfuric acid
impregnated silica gel, then with 3 cm (0.54 g) of cesium potassium
silicate (not heat activated), and finally with 0.5 cm of anhydrous
sodium sulfate. Column 5 is constructed from a 5-mL graduated
pipet fitted with a 20-mL reservoir and a ground-glass joint.
Column 5 is packed with a plug of glass wool followed by 3.50
mL (3.65 g) activated (190 °C) alumina and then 0.5 cm of an-
hydrous sodium sulfate. The alumina is packed firmly by sharply
tapping the supporting clamp.

Columns 4 and 5 (Figure 3) are thoroughly washed before use,
column 4 with 10 mL of hexane and column 5 under approxi-
mately 5 psi of nitrogen pressure, with 30-50 mL of hexane to *
remove entrapped air. Following the washings, column 4 is partly
inserted into column 5 so that the effluent from column 4 flows
directly onto the adsorbent bed of column 5. A 50-mL collection
vessel is placed at the exit end of column 5. Pasteur pipets
previously heated for several hours at 500 °C are used for liquid’
transfers. The sample is applied to column 4 by using four to
six separate 1-mL washings (approximate volumes) of hexane
totaling 5.0 mL. Each washing is allowed to pass through column
4 and completely onto the alumina of column 5 before the next
washing is applied. After 5.0 mL of hexane has passed through
column 4, this column is discarded, and a second 5.0-mL volume
of hexane is then applied to column 5. The following sequence
of eluting solvents is then applied to column 5: 15 mL of 2%,
then 15 mL of 5%, and finally 20 mL of 8% methylene chloride
in hexane. A total of 60 mL of effluent is thus collected in two
fractions, the first measuring 23 mL and the second 37 mL. Due
to variations in the activities of different lots of alumina, the
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",volumes must be carefully determined for each
o
; fraction, containing the residues of interest, is
» ® . me to about 0.5 mL under a stream of nitrogen
3,.- 3 "é water bath. The sample is transferred to a conical
oo ; ¢our 0.5-mL washings with methylene chloride, each
#' <., reduced to a smaller volume under a stream of
#78 7o . the nest is added. Following the last transfer,
r" 3 completely evaporated and the appropriate volume
st saivent {usually 10 uL of toluene or o-xylene) is added
$™  calysis. If the analysis is to be performed later, the
| be kept in the dry state and stored in a freezer. Before
f‘.’ injected, the solution is drawn up into the microliter
tpplied repeatedly to the wall of conical portion of
’,m the entire sample into solution. Gas chroma-
- 'mges spectrometric analyses are carried out by the
'f;ﬁ-, tschnique (no splitting of the sample) with 2-4-uL,
" 4 wlees or by the on-column technique in which 1-2-uL.

jam e Djected. . .

‘e Preparation. T:ssu_e and sediment samples are
- d wich at least 4 times their weight of anhydrous sulfate.
ampics are first cut into small pieces, ground in a meat
e & secessary), and mixed thoroughly with anhydrous
asadSte with a spoon in a glass or polyethylene dish. The
. ogn g then spread out to a depth of less than 3 cm so that
ama, nkich solidifies after 3-6 h, can be readily broken up
g overnight. The mixture is then dry-blended (any
s 2dd blender) in a glass jar to yield a fine powder.
% o of low water content did not require overnight equili-
wawth sodium sulfate before blending. A second blending
$wqz=ze 4-6 h after the first is often required to produce

L.k smgogeneous and finely divided sample.

Instruments and Conditions. Determinations
*2haed PCDDs were carried out with a Finnigan 4023
%} swte equipped with an INCOS data system and with
whe ad positive chemical ionization options. Methane was
;eut gas for the negative ion chemi::! ionization
s The gas chromatograph was usually fitted with either
sta 2 825 mm DB-5 fused-silica capillary column (J&W
il 2e, Rancho Cordova, CA) or a 55 m X 0.27 mm Silar
‘saiymm prepared by H. R. Buser, Swiss Federal Research
Su, Dadenwil, Switzerland. The carrier gas was helium and
v-dpaing temperature program was routinely useg with o-

edwnt 150-255 °C at 3 °C/min and then 12 °C/min to
*TuadSold for 10 min. The elgctron impact mode (/EI) and
e m detection (MID) were routinely used for GC/MS
$"™Qnties end quantitation of PCDFs and PCDDs including
% awker compounds ((*C]-TCDD, (*'Cl}-TCDF, and
_ By use of DB-5 column, a series of either 8 or 12
< ratio (m/2) values were monitored within each
- :'-_i,mwmphic windows, each window being defined
!‘:Pmd upper elution limits of a particular group of
PCDD congeners. The MID analysis usually involved
of four or five members of a molecular ion cluster
fm Ofsghe fragment ion cluster resulting from the
"inm plﬁc analyses employing a packed column [2
1. % OV-17 on 100/120 Supelcoport (Supelco, Inc.,
"%, PA)] were carried out on a Varian 3700 gas chroma-
:ﬂmed with an electron capture detector. Nitrogen
iy 8 the carrier gas with the following temperature pro-
" 40 °C at 8 °C/min and hold for 15 min.
" All solvents were glass distilled grades (MC/B,
u“&g or Burdick and Jackson, Muskegon, MI). Silica
*ming mesh (E_‘.M Reagent, MC/B, Cincinnati, OH) and
\- (AGq, Bl.o Rad Labs, Richmond, CA) were used.
w with methanol and then methylene chloride
e ted at 190 °C for at least 2 days. Silica gel was
N;T: n;ggneé and activated at 130 °C. The silica
L ¢ 130 °C oven and removed just prior to use.
"‘*‘ {(MC/B, no. SX760) is heated at 500 °C overnight
&-i““' capped bottles.
‘ 2 activated carbon was obtained from the Amoco
» Naperville, IL 60566, and lot numbers 75-8,

ey

hy 10 were successfully used in this laboratory.
M Uow commercially avsilable from Andersoy, De-

A |

/4

velopment Co., Adrian, MI 49221, under the name AX-21.

Potassium and cesium silicates were prepared from the reastion
of the corresponding alkali metal hydroxides with silica gel in
methanol at 55 °C for 90 min. The reaction is carried out in a
1- or 2-L round-bottom flask which is rotatad and heated with
a rotary evaporation apparatus (no vacuum applied). Sixty grams
of CsOH (99+ %, Aldrich Chemical Co., Milwaukee, W1) {5 dis-
solved in 200 mL of methanal and separated from insolubie
material by decantation. An additional 200 mL of methanol i3
added followed by 100 g of silica gel. For potassium silicate, 163
g of KOH (J. T. Baker Chemical Co., Phillipsburg, NJ}, 300 g of
silica gel (EM60), and approximately 700 mL of methanol are used;
decantation is not necessary for KOH. Following the reaction,
the mixture is poured into a large glass column containing a plug
of glass wool. Special care must be exercised to avoid contact
with the extremely caustic solution, especially eye contact. The
adsorbent is washed into the column with methanol, and then
200 mL of methanol for every 100 g of silica gel is added to the
column. The methanol can be pushed through the column under
slight gas pressure, and as the level of the liquid reaches the bed
of adsorbent, 200 mL of methylene chloride for every 100 g of
silica gel is applied. The liquid is pushed through the column
and the silicate partly or completely dried under a slow flow of
nitrogen. Cesium silicate is dried completely under a stream of
nitrogen and is not heat activated; potassium silicate is activated
at 130 °C.

Sulfuric acid impregnated silica gel (40% w/w), abbreviated
as SA-SG, is prepared by adding 2 parts of concentrated sulfuric
acid to 3 parts by weight of 130 °C activated silica gel in a screw
capped bottle and shaking until the mixture is completely free
of lumps, about 15 min. The silica gel is activated at 130 °C;
unactivated silica gel is unsatisfactory for the preparation of
SA-SG. The adsorbent is stored in a screw capped bottle.

Nitrogen gas used for evaporations of solvents is passed thtough

a copper tube (40 mm o.d. X 60 cm) containing activated carbon .

(coconut charcoal, Fisher Scientific Co., Pittsburgh, PA) bracketed
by glass wool and glass microfiber filters. Following the carbon
trap, a microfiber filter (Microfibre filter 9802-AAQ, 505-AAQ,
0.3-um retention, Balston Filter Products, Lexington, MA) is
inserted in the line in an attempt to prevent movement of carbon
particles through the nitrogen line.

RESULTS AND DISCUSSION

Development and Functions of the Components of the
Enrichment Procedure. Part I. A primary objective in the
initial approach to the development of this method was to
make optimum use of the highly selective absorbtivity of
activated carbons for polychlorinated polycyclic aromatic
compounds (37). The carbon adsorbent selected for this
procedure was Amoco PX-21 dispersed in glass fibers (CGF)
which has been thoroughly evaluated in this laboratory with
regard to its selectivity for a wide variety of chemical classes
(36, 37). At least four lots of PX-21 carbon have been suc-
cessfully employed by this and other laboratories (26, 38-46)
in analyses of PCDDS and PCDFs.

Application of extracts of whole fish directly to the carbon
absorbent dispersed in glass fibers was found to be generally
unacceptable due to the adsorption of biogenic substances
causing high back pressures. Pretreatment of the tissue ex-
tract with the strongly basic absorbent potassium silicate (KS)
(47, 48) followed by activated silica gel (SG) greatly facilitated
the flow of the tissue extract through the carbon adsorbent.
Other combinations with alumina and with Florisil or with
potassium silicate alone were less effective. The combination
of XS, SG, and PX-21 carbon adsorbents achieved a very high
degree of enrichment of PCDDs, PCDFs, and non-ortho PCBs.
Tissue samples up to 50 g and containing 10-20 g of fat
routinely give only submilligram residues in the sample re-
covered by reverse elution of the carbon with toluene. Inte-
gration of these three steps yielded a procedure that permittad
simultaneous sample extraction, removal of acidic and highly
polar coextractables, and selective adsorption of the com-
paunds of interest onto carbon {(part [} and was readily

~.
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‘! ;.1ar arrangement which simplified sample,
e > <nt manipulations (Figure 2). Several sets
e *>" 1 each be loaded with a sample, the three

!

¥ vent.and the enrichment processes allowed
bl - ..=ded, by gravity solvent flow. The use of
i “i;:ion of potassium silicate and silica gel
'f , 7) ensures that the interfering lipid materials
* ¥ wam reaching the carbon and permits the an-
"“: suimate the amount of colored lipid material

"‘.;‘;orbed by the potassium silicate/silica gel
'1, vy cases in which little or no accumulation
' sl i observed on column 2, consideration can
" waizg column 2 for another sample. Cesium
: «cdic compounds more effectively than KS
wed in column 2 but is 50 times more costly.
 operations of part I eliminate the need for
" e require extensive sample manipulations and
" ae ghor intensive. Such procedures which are
azioyed in other methods include one or more
§.-wcg (1) acidic or basic digestion of the sample,
id-liquid partitioning steps, (3) Soxhlet ex-
-+ ¢ gl permeation chromatography. The ability
L .geemie enrichment procedures in a one-step, con-
% _rcncan result in enhanced recovery and pre-
=m0 reduced analysis time. Furthermore, this
03 2seif to the possibility of development into
sultisample procedure (49).

exa chromatography (GPC) was initially em-

.88 gocedure as an enrichment step preceding the
sat but often did not have the capacity for the
mquired in these analyses. Furthermore, the
we of GPC into the initial enrichment procedure
Samg gkt tional sample extraction and solvent volume
%= wga precede the GPC procedure.

Jolm w protecting the adsorptive capacity of the
jPeswomn, the silicate adsorbent has been demonstrated
¥y % remove acidic compounds which represent
Ferecxs interferences to determinations of PCDDs
BON, Thsilicate adsorbents retain substances which
#A wility constants of 10 and lower, including
" sl Doxylic acid compounds and sulfonamides
} *ﬁ:'hr, hydroxy PCBs and hydroxydiphenyl
i ds which can produce false-positive GC/MS

' Qd!ectively removed by the silicates (35).
enditions of this enrichment procedure, the
e, will retain only a limited number of classes
wands (50), including polyhalogenated planar
Rc compounds, to some extent PAHs with
W rngs, and strongly acidic compounds that
_ ¥questered by the silicate adsorbent before
o0, The large majority of synthetic organic
vy A re commonly encountered as persistent
‘fmnants are weakly adsorbed and readily
"" carbon by the extraction solvent. Included
""‘mnls are compounds which interfere in
.nmlons of PCDDs, PCDF's, and non-ortho
- DE, PCBs, methoxy PCBs, polychlorinated
« (PCDPES), and methoxy PCDPESs (35). The
Ny ‘llso‘exhibita a very low affinity for the
o Which are not retained by the potassium

® combination.

h ': of the enrichment procedure (Figure 3)
‘ “dl’med through a strongly basic adsorbent,
N 3 strongly acidic adsorbent, 40% sulfuric
» "']”{‘ gel (SA-SG), in the nonpolar solvent,
Mﬂbjected to chromatography on acid alu-
b, - Of the sample to cesium silicate in the
E&,‘n Bexane virtually assures the removal of

|
| Hperg il
%

-~

trace residues of acidic compounds. Use of cesium silicate
which has been activated at 130 °C resulted in poor recoveries
of hepta- and octachloro isomers. The adsorbent should
simply be purged of solvent under a stream of nitrogen after
preparation and not oven activated.

The sulfuric acid impregnated silica gel (40% w/w) has been
demonstrated in this laboratory and elsewhere (51) to strongly
retain or undergo chemical reactions with a number of classes
of compounds. A series of polynuclear aromatic hydrocarbons
(PAHs) possessing two to four condensed rings was found in
this laboratory to be effectively retained by this adsorbent.
The adsorbent is also undoubtedly very effective in removing
numerous types of compounds by reactions of dehydration,
acid-catalyzed condensations, and oxidation as demonstrated
by the complete charring and polymerization of tissue extracts
applied to this material. Colored bands of adsorbed materials
are normally observed on the SA-SG adsorbent following
sample application in part II of this procedure. The reactivity
of this adsorbent toward PAHs is complementary to the ac-
tivated-carbon adsorbent which strongly adsorbs certain PAHs
which are subsequently recovered with the PCDDs, PCDFs,
and non-ortho PCBs. Because polynuclear aromatic hydro-
carbons will elute from alumina under the solvent conditions
employed in the subsequent step involving alumina chroma-
tography, it is important that PAHs be removed prior to this
step. In some environmental samples, especially sediments,
high concentrations of PAHs were frequently encountered.

The final step of the enrichment procedure, alumina
chromatography, is designed primarily to separate PCDDs,
PCDFs, and non-ortho PCBs from polychlorinated naph-
thalenes (PCNs), trace residuals of PCB isomers, and other
polychlorinated aromatic compounds. In addition to PCDDs,
PCDF's, and non-ortho PCBs the only classes of compounds
which have been shown in this laboratory and elsewhere (46)
to be recovered from the carbon are PCNs, polychiorinated
biphenylenes, and certain polychlorinated PAHs. The alu-
mina chromatography removes the large majority of the 75
possible PCN isomers, but four to six penta- and hexa-
chloronaphthalenes are partially recovered with the PCDDs,
PCDFs, and non-ortho PCBs. Use of basic alumina (190 °C
activated) requires higher concentrations of methylene chlo-
ride to recover PCDDs and PCDFs.

In-House and Extralaboratory Evaluations and Vsa-
lidation Studies. The following studies and evaluations were
made: (a) determinations of the mean recoveries of a series
of representative compounds of the three chemical groups at
selected concentrations, (b) determinations of the coefficient
of variation associated with each set of recovery data, (¢)
estimation of the lower limit of detection and determination
of the various congener groups or individual components in
a variety of sample types, (d) evaluation of the degrees of
interference posed by seven series of polychlorinated aromatic
compounds which represent the greatest threat of producing
false-positive data, and (e) determination of the success rate
for completed analyses of approximately 200 environmental
samples.

Recovery Studies. Initial recovery studies were performed
by using an abbreviated procedure which did not incorporate
either the silica gel in part I or the alumina chromatography
in part II. This procedure was highly effective for the de-
termination of PCDDs, PCDFs, and non-ortho PCBs in bio-
logical materials. The major disadvantage of this abbreviated
procedure appeared to be the inclusion of a large number of
polychlorinated PAHs such as PCNs in the analyte. Never-
theless, an abbreviated procedure excluding alumina chro-
matography has been successfully used in the analyses of over
30 environmental samples. PCNs were the most significant
cocontaminant observed but did not interfere in the deter-
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i 77+l Selected PCDDs and PCDF's in Salmon Oil from Abbreviated Procedure: Potassium Silicate,
[ s, Cesium Silicate, and Sulfuric Acid-Silica Gel*

aFe
' racoveries of selected compounds
4 2,3,6,8- 2,3,1.8-Cl,- 1.2,4,7.8-Cls- 1.2,3.4,7,8- 1,2,3,4,6.8,9-
. ::" Cl,-furan dioxin furan Cly-furan Cl;-furan OCDD OCDF
. 109 115 115 113 117 86 79
vl &Y (1 1 w (1 w i
recoveries of selected compounds
4 2,3,7,8-Cl,-furan .
4 2318 1.247.8Cly  1,24.679Cly-  1.23478C,  1,2,4689.Clye
; E dioxin® furan furan dioxin furan OCDD  OCDF
g 810 10 (5) 75 (5) 82 (3) 71 () g 7306
{4} (4] (4] (4] {4] {4] (4]
102 (2} 97 (3) &4 (4) 98 (2) 87 (6) 76 (3) 74 (5)
{4} [4] {4] {4] [4] [4] [4j
66 (2) 80 (-} 68 (3) 76 (-) 72 (8) 66 (3) 62 (14)
{31 12] [3] {2] {3] f3] (3]

' ’.M‘:'!deumined on a 12-m OV-17 WCOT glass column and electron capture detection ($Ni) using helium at 50 cm/s and the
program: 190 °C for 2 min, then 4 °C/min to 240 °C and hold 15 min. Numbers in parentheses are coefficients of

-‘_ﬁ.bu in brackets are the number of replicate samples analyzed. 22,3,7,8-TCDD and 2,3,7,8-TCDF coeluted on the OV-17

1 fmoweties of Selected PCDDs and PCDF's from Spiked Samples of Homogenized Whole Fish Using the
Earichment Procedure
recoveries of selected compounds

2,3,7.8-

Ds and PCDFs. The recoveries of a series
HPC_DF: from spiked samples of salmon oil by
: ted procedures are given in Table L
’ ‘l}hd fish samples containing up to 20 g of oil
S-xied out by GC/EC and showed very low levels
™ less than 50 pptr for the most prominent
.‘* Ratrix components in the analytes (49).
Sxerporation of silica gel in part [ and alumina
; procedure, recoveries of a series of PCDDs
. ~uam spiked whole fish samples were again de-
— ). Recently, an independent evaluation
i Procegure was carried out at the University
and included the determinations of re-
“mefb::h of @ mixture of fourteen tetra-, five
: » three hepta-, and one octachlorodibenzo-
“m. one hexa-, and one heptachlorodibenzo-
- e tetrachlorobiphhenylene (45). Mean and
iy of the recoveries are presented herein to
N the effectiveness of the method for the con-
Yy - ¥ e
o tuted PCBs have been detected in about
== =t-1 -e—ulas analvzed by this method.

ﬁglu

Only two sets of recovery determinations have been made for
three representative non-ortho PCBs spiked at 100 ppb:
3,4,3’,4’-tetrachloro (38 and 57%), 3,4,5,3',4’-pentachloro (43
and 47%), and 3.4,5,3",4’,5'-hexachloro (54 and 59%).

The demonstration of the effectiveness of recovery of a large
selection of PCDD and PCDF isomers, in particular those
tetra-, penta-, and hexachloro isomers possessing the critical
2,3,7,8-chlorine substitution pattern, is especially important
to defining the comprehensiveness and applicability of the
method. The recoveries of all the isomers studied are generally
comparable and no particular isomer or group of isomers
appear to be selectively excluded by the enrichment procedure.

In addition to the recovery data derived from spiked sam-
ples as part of the validation studies, a substantial collection
of recovery data was also generated for the four major com-
ponents of the marker compounds which were added to each
sample prior to the enrichment process. The marker com-
paunds, {UL-1*C]-2,3,7,8-TCDD, {UL-¥Cl]-OCDD, and a

mixture of six (UL-3CI}-TCDFs including [¥C}]-1,2,7,8- and
[7C1)-2,3,7,8-TCDF's as the major components, were routinely
incorporated into each sample at levels of 50, 50, 25, and 25
pptr, respectively. Although the range of recovery data values

p 2368  CI-PCDF 12478 124679 123478 1234679
> Cl-PCOF  and PCDD Cl-PCDF CloPCDF Cl-PCDD  CI-PCDF  OCDD OCDF
cpmarpand 8L (1) 92 (3) 9 (3) 98 (6) 104 (4) 9%5(8  99(22) 91018
gk of PCDD (4 (4] (4] (4] 4 (4] (4] 4]
: ‘h"_ (100 pptr)
recoveries of selected compounds
(C]-23,7,6TCDD  [Cl|-23,78-TCDF  ["'Cl]-1,2,7,8-TCDF (¥'C1)-0CDD
82 27 58+ 16 75 4 18 83 30
(49] {1 {10} (18
recoveries of selected compounds®
cl, Cl, cl, cl, Cl, Cly Cl, cl,
g PCDFs PCDFs PCDFs PCDFs OCDF PCDD PCDD PCDD  biphenylene
Wobdu2por 58410 64£6 647 63410 59 1 49 58 52
W 10pptr 5227 5544 53x6 564 52 84 80 51 59
-1

iy,
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/“;:Weries of Tetrachlorodibenzo-p-dioxins from the Unabbreviated Enrichment Procedure?

P
T TCDD rel
- ": isomer recovery
-
' 1368 1.20
M 1379 1.27
; 1378 1.57
1369, 1247, 1248 1.47
: 1268 2.13
: M 1478 1.30
é s 2378 1.00

e

GC/MS TCGD rel

peak no. isomer recovery
8 1234, 1237, 1238, 1246, 1249 1.45
9 1236, 127 1.47
10 1278, 1469 1.35
11 1239 1.39
12 1269 1.39
13 1267 2.85
14 1289 3.62

gimately 2 ng of TCDDs was applied i.d. the enrichment procedure. Determination was made ona 60 m X 0.25 mm i.d.
. tnc) capillary column under MID-EI mass spectrometric conditions: temperature, 200 °C for 1 min, then to 250 °C at 5

] "ﬂ He carrier gas.
I cm—
- compounds g.ene.rally reflects the reduc;ed
_.-,‘GC /MS/DS quantitation of trace analytes using
gandard technique, the determinations of the
_.".‘ag marker compounds in these samples per-
comng oarly 8 3-year period provide a practical measure
i..2 wcmance of the enrichment procedure and the
”,.;mu.l method (Tableclli). The average (;':;overig
g e marker compounds over this exten peri
::d = be consistently satisfactory with the exception
3 o £7T1}2.3,7,8- TCDF which in early studies was ob-
«z » maiformly low in comparison with those of the
§rwcompounds, most conspicuously with those of
% -a a2t [FCI-TCDFs. A reexamination of the elution
w4 2153 TCDF from alumina suggested that this step
+ wig xurees of the problem; 2,3,7,8-TCDF eluted very
480 collection cutoff point. The addition of 5 %L to
t sdeim volume increased the recovery of [*'Cl]-
*927oF to levels comparable with those of the other
s mmspounds.
smauations of background levels of PCDDs, PCDFs,
» warzdo PCBs were routinely made as part of the
#-eal protocol. Procedureal blanks and samples of
waseanted laboratory-reared fish, each spiked with the
“txpoends, were incorporated at a frequency of about
*‘“‘nt!ll;ple sets. Analyses of these control samples
"-a-dafine the background level for sample sets and to
o aible residue carry-over among sgmples. Of 14
flﬂﬁmks. 1 produced a positive determination for
5.':» at 1.6 pptr, 7 were positive for OCDD (1, 5, 7,
.ed U pptr), 1 was positive for a 2,3,7,8-TCDF at 2
P 2were positive for OCDF at 0.5 and 1.4 pptr. All
W3 for the 10 congener groups (total of 140 deter-
%42 these procedural blanks were negative and were
‘..“Y an average lower limit of detection of ap-
“\y2pptr. Of 11 analyses of samples of laborato-
3 la.' carp, 7 produced positive determinations for
s _10. 7,18, 24, and 39 pptr), 7 were positive for
Q (L,15,2,3,3,3, and 6 pptr), 1 was positive for
f“PPtr, 1 for a HCDF at 2 pptr, 3 for a HpCDF
g .- PPU), and 5 were positive for OCDF (1, 1, 2, 3,
e BCD r.ema.inder of the 110 determinations of
*UDFs in these control fish were negative. The
it of detect; i
>y on was .approxlmately 2 pptr. Non-
WTe not observed in these control samples, and
iy of detection for these compounds was ap-
“dpptr- In one series of control samples of lab-
M“"’u& a number of PCDF isomers were re-
‘g &t 10-20 pptr levels. These compounds were
gk h‘at.:e contaminants in the commercial fish

{

,9¢ rearing.
Y 8mound levels of PCDDs, PCDFs, and non-
w&"" negligible, especially for those isomers
%2-3.7.8-substimtion pattern. Octachlorodi-
 +L . SPDears to be a common trace environmental

contaminant, being detected in more than 50% of the fish
samples at levels significantly above those observed in the
procedural blanks.

Although repeated analyses of procedural blanks between
sample sets established a nondetectable level of carry-over
between biological samples containing widely varying con-
centrations of PCDDs, PCDFs, and non-ortho PCBs, sample
cross-contamination (from a carbon column) was observed to
result from certain types of samples containing abnormally
high levels of these contaminants. The samples causing
cross-contamination were pond and river sediments and a
sample of Aroclor 1260, all containing relatively high con-
centrations of PCDFs. Carry-over of PCDFs was readily
demonstrated to result from reuse of the carbon columns and
was observed in samples of fish which were processed on the
same carbon column used for the highly contaminated sam-
ples. The degree of carry-aver appeared to be on the crder
of 0.1%. In general, procedural blanks should be incorporated
in sample sets at a frequency which will permit early detection
of carry-over problems and should be included immediately
following samples suspected of containing abnormally high
concentrations of PCDDs, PCDFs, and non-ortho PCBs.
Particularly in the case of sediment samples, high levels of
other types of contaminants are routinely encountered, es-
pecially polynuclear aromatic hydrocarbons, and saturation
of the carbon adsorbent with these substances may contribute
to the problem of carry-over of PCDDs and PCDFs. In two
cases of gross contamination of the carbon adsorbent, repeated
washings of the column did not completely eliminate the
problem, and the columns were replaced.

A satisfactory and reproducible level of recovery for
2,3,7,8-TCDD having been established, the recoveries of the
other 21 TCDD isomers were examined. The mass chroma-
tograms of a mixture of the 22 TCDD isomers (mixture pro-
vided by Dr. H. R. Buser, Swiss Federal Research Station,
Wadenswil, Switzerland) before and after having been sub-
jected to the enrichment procedure are presented in Figure
4. The relative recovery data, narmalized to the recovery of
2,3,7,8-TCDD, are given in Table III. These data, although
not rigorously demonstrative of satisfactory recoveries for vach
of the other 21 isomers, do establish that most of these isorners
were effectively recovered by the procedure. In fact, in this
experiment all other isomers or groups of isomers were ap-
parently recovered more efficiently than was 2,3,7,8-TCDD.
The abnormally high calculated recoveries of the 1,2,5,8-,
1,2,6,7-, and 1,2,8,9-TCDDs, each a minor component of the
mixture, are attributed to the disproportionate influence of
variations in instrumental sensitivity on analyte response near
the limit of quantitation.

Probably the most useful piece of information derived from
an examination of the determinations of the marker com-
pounds in the hundreds of samples was the fact that the
success rate for analyzability of the samples was hetter than
99% and that the minimum level of detection consistently




el

-l

LT

L

Aemmill

A}

Hhas i}

Wha |}

idid

L

E LYY

Al g

Wb awg

H
. A
k.
k 13 1e
u :I.
‘ 8
n
12
[} 10
S 13
R 2 14
- s -l i Wy ne

-
CMSMID electron impact lon chromatograms of 22
gug (A} following application of enrichment procedure; (B)

et

.¢wegeof 1-10 pptr with an average value of less than
kmgies and controls were routinely spiked at the
ot yod with each of the marker compounds. In all
snfxsted by the positive and uniform responses of
e cempounds in each of the analytes, GC/MS
3D0s and PCDF's at low parts-per-trillion levels
cesmpetly attainable. Estimates of the lower limit of
va £20) for TCDDs, TCDFs, and OCDD were made
from the observed signal-to-noise value for
+ e serker compounds (internal standards) to the
i carresponding to a signal-to-noise value of 3.
LOD require comparisons of the noise levels in
sams of each group of compounds and appropriate
iy of the internal standards.
nica of PCDDs, PCDFs, and non-ortho PCBs
Yowsingly difficult at levels approaching the limit
I doe particularly to increased variations in the
Wakion of the isotopic components of the molecular
Ywwgiremment of the correct isotopic abundance ratios
Shodder ions in determinations of PCDDs and
Row parts-per-trillion levels was usually the most
w0 to meet once sufficient instrumental sen-
' Nevertheless, over 50 separate confir-
"W made of PCDD and PCDF residues present at
\Wloger. The criteria for the confirmation of any
*% non-ortho PCB of unspecified substitution
(1) signal-to-noise ratio of 23; (2) correct
"ctier maes; (3) coincidental maxima of three or
*aans of individual members of the molecular
and (4) chiorine isotope ratios within 10%
for three to six members of the molecular

»

e
% of routine monitoring of the fragment ions
Tingg Saracteristic loss of COCI from PCDDs and
.,:‘“ﬂted and determined to be marginal for
m‘m'_w-triﬂion levels due to the relatively
\ thg. ions, The criteria for confirmation of
) o include a requirement of demonstrating
_th.‘.’;tmhﬁve retention time within 2-4 parts
‘*TCD 23,78 TCDD is sufficiently resolved

\ o Inc) (52) capillary column to enable easy
= ;,:_'Ptable limits for the variation in re-
somer relative to that of the isotopic

42378 TCDD. The retention time of
R the DB-5 column was also found to be

% Partial overlap with the 1,2,3,7- and
- e that their presence could ba obscviring

D isomers on both a Silar 10C (31) and .
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but would not produce a false-positive determination. The
variation in the retention time of 2,3,7,8-TCDD relative to that
of {¥*C}-2,3,7,8-TCDD on the DB-5 column was observed in
numerous analyses of standard mixtures of the two compounds
and found to be within 2 parts in 1000. All confirmations of
2,3,7,8-TCDD in samples analyzed by this procedure met this
requirement and were often repeated on a Silar 10C column.
Samples of particular importance were independently analyzed
by other laboratories using complementary techniques'such
as high-resolution mass spectrometry or atmospheric-pressure
chemical ionization mass spectrometry (53). Over 20 samples
analyzed in this laboratory for PCDDs and PCDFs were
subjected to independent analyses in other laboratories, in-
cluding those of H. R. Buser (Switzerland Federal Research
Station, Wadenswil, Switzerland) (54), Ronald Mitchum
(National Center for Toxicological Research, Jefferson, AR)
(55), Michael Gross (University of Nebraska, Lincoln, NB)
{53), Robert Harless (USEPA, Research Triangle Park, NC),
David Firestone (U.S. Food and Drug Administration, Division
of Chemistry and Physics, Washington, DC) (56), John Ryan
(Health and Welfare Canada, Food Division, Ottawa, Canada)
{(57), Patrick O'Keefe (New York State Department of Health,
Albany, NY) (26), and Christopher Rappe (University of
Umea, Umea, Sweden) (Table IV). The Columbia laboratory
also participated in three interlaboratory studies of the ef-
fectiveness of different methods for the determination of
2,3,7,8-TCDD in fish. The agreement in both identification
and quantitation between the resuits from this laboratory and

those of the other laboratories was consistently good, and no
false-positive results were indicated in any of the determi-

nations made with this procedure (Table [V). In the majority
of interlaboratory studies, the comparisons involved only
determinations of 2,3,7,8-TCDD.

Evaluation of Potential for Interference from Cocon-
taminants. Determinations of PCDDs, PCDFs, and nan-
ortho PCBs in environmental samples at levels below 1 pptr
are particularly susceptible to interferences and possible
false-positive results as a consequence of the likely occurrenca
of a large variety of polychlorinated aromatic cocontaminants
and because full-scan mass spectrometric analyses are usually
unattainable. More than a dozen families of such compounds
are recognized as potential interferences in these types cf
analyses (35, 58), including DDE and DDT and poly-
chlorinated members of the following compounds: biphenyl
(59), methoxybiphenyis (60), hydroxybiphenyls, diphenyl ether

(61), methoxydiphenyl ethers, hydroxydipheny! ethers (62),

benzyl phenyl ether (63), naphthalene, biphenylene, phe-

nylbenzoquinone (64), xanthene, and bis(phenoxy)methare .

(65). Most of these families of compounds have the potential
to interfere with and produce false-positive results in deter-
minations of PCDDs and PCDFs even in HRMS (35). The
problem of interferences in determinations of PCDDs and

PCDF's has been rigorously addressed experimentally in only

a few publications (66), and in these was limited to a small
proportion of the numerous families of potential interferences.
Routinely, conclusions in regard to the potential for inter-
ferences in analytical procedures for PCDDs and PCDF's are
made by inference from observations of the effectiveness of
separation of comparable amounts of these interfering com-
pounds from PCDDs and PCDFs, often with a relatively small
number of isomers of these two families. For example, alumina
has been shown to effectively separate PCBs from certain
PCDD isomers (67). A more appropriate evaluation should
include a large number of isomers of and a large excess con-
centration (10*-108) of the potential interference relative to
that of PCDDs or PCDFs.

As part of the validation of this procedure an evaluation
was ade of the degrees of interferences produced by seven
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)
! mrlaboratory Studies and Comparisons of the Determination of 2,3,7,8-TCDD in Fish and Birds
‘ -
,' levels of 2,3,7,8-TCDD reported (pg/g) at different laboratories
; reported
! CNFRL no. 1 no. 2 no. 3 no. 4 no. 5 no. 6 no. 7 av
: =2
Ea 9 6 5
- 47 67 7 89 67
2 22 25 57 42 34
Rl 117 113 b 128 99 188
- 56 45 b b 38 53 c
st 96 100 b b 107 199 178 5
l..‘ A‘
':f' 58 104 58 49, 58 <5 72 7 60 61
puret’ <1 <10 <1 <2, <2 <5 <2 <5 37 36
ot 34 35 37 23, 32 51 25 33 26 -+ 30
ot 0 38 45 33 19,31 55 .32 27 32 32
bl a7 52 4 55
poedy 36 39
el 19 15 25 -
party! <1 <9 <5 <25
‘Independent Laboratories
Swiss Nat Center Health &
CNFRL Fed Res/ Tox Resf Wel Can.*
wer=g gull, Lake Huron 160 165 132
g egg, Detroit River 70 75 80
a3, Lake Huron 22, 27 29 10
&, Lake Erie <1 5 <10
e trout, Lake Ontario 56, 58 54
mam herring, control . <1 <10
3w tout, Lake Huron 39 32
1) toat, Lake Ontario 38 31
=, Seginaw Bay 94 75
=, Titabawassee R., MI 81 65

w & *Samples were not analyzed due to large amounts of materials in analyte. ‘Sample was lost. ¢Reference 50. ‘Reference

f_ﬂ'rhllogenated aromatic compounds (35). In-
e atady were selected isomers of polychlorinated

& Bthoxybiphenyls (MEO-PCBs), methoxydi-
“an (MEO-PCDPEs), hydroxybiphenyls (HO-
1% Yydroxydiphenyl ethers (HO-PCDPEs). The
Saget an upper limit to the level of interference
*#2me individual compounds. The results dem-
e abdity of the procedure to effectively eliminate
~=®% all but a small number of PCN isomers and
et non-ortho) present at concentrations of
o oxmaf those of the PCDDs and PCDFs. Levels
000 times those of PCDDs and PCDFs
.'ﬂ?nbserved in environmental samples analyzed
;;."Y (68), but PCB isomers other than the
y have not been observed in the analyses for
o Fs. Furthermore, the results suggest that
20t susceptible to interference from 10000-
other five families of compounds. About

ey ire recovered by the procedure and are
h"d_ d in environmental samples but do not
determinations. Rarely, interference
M.i‘ Procedure due to partial overlap of a Cly
2 the marker compound, (UL-%C]-2,3,7,8-T-
i The effective elimination of numerous
compounds, such as DDE, known to be

Jof the fish samples which were analyzed by
e been demonstrated by full-scan MS
\‘:"30 recovers isomers of polychlorinated
~~‘l"ﬂ Bumber of isomers of polychlorinated
. gy tidentified in this laboratory in a sample

14

» XBa), naphthalenes (PCNs), diphenyl ethers.

of soot produced during an electrical accident involving the
pyrolysis of PCBs in a state office building in Binghamton,
NY, in 1982 (26, 69). _

The only other group of polychlorinated aromatic com-
pounds apparently observed in a small percentage of samples
were the nonachloromethoxydiphenyl ethers. These com-
pounds, of which there are three possible isomers, were ten-
tatively identified in three fish samples, from Saginaw Bay
(35, 68), the Housatonic River, and Chesapeake Bay. The
presence of these cocontaminants in the analyte contrasts with
studies of interferences which indicate that chlorinated
methoxydiphenyl ethers would readily be separated from
PCDDs, PCDFs, and non-ortho PCBs.

The presence of polychlorinated diphenyl ethers (PCDPEs)
in the analyte can be especially problematic because these
compounds often undergo fragmentation during electron im-
pact MS by loss of two chlorines to produce mass spectra
which are identical with those of PCDFs below the molecular
ion of the diphenyl ether. Furthermore, the elution window
of PCDPE congeners have been observed in this laboratory
to overlap that of PCDF congeners poesessing two less chlorine
substituents, greatly increasing the possibility for false-positive
determinations from GC/MS-MIM analyses. Monitoring of
masses of the molecular ions.of the PCDPEs, if practical, can
essentially eliminate this possibility.

The susceptibility to interferences of these types of analyses .

is demonstrated by the results of an interlaboratory study
conducted by the USFDA (56) of the effectiveness of six
different enrichment procedures (for 2,3,7,83-TCDD) performed
by six independent laboratories (see Table IV). The enriched
samples were all returned to the USFDA laboratory for rig-
orous analysis. Of the seven sets of analytical results only two,
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': —oa of Quantitation Using Internal Standarda in GC/MS and GC/EC Analyses Before and After the

& - rr“gduf!
! befare after
$ enrichment procedure enrichment procedure
i mean % rel % rel
2 response % std dev % std dev % std dev recovery recovery
P ol by GC/MS? by GC/MS* by GC/EC* by GC/MS? by GC/MS* by GC/EC*
1.39 6 8 12 97 109
»! 0.54 17 5 8 96 113
", 1.40 7 2 14 97 128
b1t 0.05 2 160 129
as 1.05 7 5 85
2 0.92 15 4 19 140 127
i ;, 1.36° 19 10 9 80 107
i rs 5.63 10 2 15 109 126
| =3F
et 1.60 9 4 16 13 150
oy | 1.29 9 5 17 133 137
k3 1.18 5 5 17 143 150
40 0.80 8 7 15 . 153 141
Py 0.97 11 4 20 135 157
=3 D 0.42 12 8 26 195 159
o 0.31 26 7 36 177 114
] P 2 - 0.44 27 7 30 164 114
Lol 0.18 5 5 117
Loten B3 0.88 10 13 103
“LTIF 0.97 6 14 78
93D 1.00 100
#=.0CDD 0.66 18 18 115
- 119 5.1 16.3
-l 9.8 4.9 14.1
axieding Cl, :

w908, D = PCDD. ?[!3C}-2,3,7.8-TCDD used as referenca compound. ¢2,3,7,8-TCDF used as reference compound.

g tat generated by this laboratory, were judged to
pamcramised by the presence of significant levels of
wnted ot interfering substances. In fact, the presence
e anounts of superfluous substances in a number
Sirgalytes prevented the determination of TCDD in 5
.= smples and apparently produced positive inter-
82} fortified samples, as indicated by quantitative
iy obich were significantly greater than the levels of

LY
*?ﬁnn Procedures. Quantitations of 2,3,7,8-
%228 TCDF, and OCDD are made directly by com-
- "“.ﬁ integrated responses of the native compounds
A ~h¢' the isotopically enriched marker compounds.
®88 & made by analysis of known amounts of the
Racker compoind and an authentic quantitative
 the native material under those GC/MS condi-
'g‘_llnalysis of samples.

™ e first 2 years of use of this procedure, quanti-
" ather PCDDs, PCDFs, and non-ortho PCBs were
We eternal standard technique using mixtures of

Y 12 compounds. Toward the latter half of 1982,

e o of these compounds were performed using

! Bakr isotopic marker compounds as internal
N ds for all congeners. Usually [¥C1]-OCDD
acgetitation of OCDD end OCDF, and [4C]-
Ry ‘n“d °C1)-2,3,7,8-TCDF were used for quan-
-y other PCDDs, PCDF's, and non-ortho PCBs,
'ﬁlw“ Tesponse factors for the various congener
_ *:;'mmed by GC/MS analyses of mixtures of
"'"*'CD €T compounds and a series of 20 synthesized
Yo Fs, and non-ortho PCB isomers.
— Was made to determine the suitability, in terms
, .‘*!"d Precision, of quantitations of all congener

tm. Internal standards (isotopic marker com-
g Periment involved GC/MS-MIM and GC/EC
@Eﬂt& each) of a mixture of 17 native PCDDs

n
"

“.L the 5 jsotopically enriched marker com-

pounds. This mixture was subsequently subjected to the
enrichment procedure (5 replicates) and analyzed again by
GC/MS-MIM and by GC/EC. The mean and standard de-
viations of the integrated responses of all compounds relative
to that of [**C]-2,3,7,8-TCDD were determined by GC/MS,
and 2,3,7,8-TCDF was used as the internal standard in GC/EC
analyses (Table V). The level of variation as measured by
standard deviation for GC/MS quantitations using the in-
ternal standard was twice that determined for the GC/EC
analyses. The data indicate that GC/MS quantitations using
TCDD or TCDF as an internal standard were significantly
more precise for tetrachloro through heptachloro congeriers
than for OCDD and OCDF. In contrast, no such dispropor-
tionate trends in precision were observed in the GC/EC
analyses. The large variations associated with OCDD and
OCDEF are believed to be in part a consequence of GC/MS
instrumental problems which were being experienced at the
time and not necessarily characteristic of these types of
analyses. Analyses of the mixture following application of the
enrichment procedure show that the mean standard deviation
is increased but comparable to instrumental variation,
Nevertheless, the results indicate an acceptable level of pre-
cision for GC/MS quantitations of Cl, through Cl; congeners
using a TCDD or TCDF as an internal standard in samples
subjected to the enrichment procedure.

Determinations of PCDDs, PCDFs, and non-ortho PCBs
were routinely carried out in the electron impact GC/MS
mode. The GC/MS-EI technique, in contrast to negative ion
chemical ionization analysis, exhibits comparable sensitivity
for the broad range of congeners and permits identification
and quantitation of all components in a single analysis.
Negative ion chemical ionization GC/MS (GC/MS-NICI) has
been observed in this laboratory and elsewhere (70) to exhibit
a markedly enhanced sensitivity to PCDF's relative to PCDDs
and, generally, to the higher relative to the lower chlorinated
congeners of both groups. The ability to determine tetra-
chlorodioxins and tetrachlorobiphenyls in particular suffers
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Z ..2NICl, and consequently this technique is un-

. :;:plete determination of PCDDs, PCDFs, and

sz ;’3 «: part-per-trillion levels. On the other hand,

%~ 2 much less sensitive to background (especially

+ 3 hydrocarbons) or cocontaminant substances
4oy rielded more easily interpretable data.

T 5.

of Extraction. The implicit assumption in
o i0g the internal standards incorporated at the

- di procedure is that the behavior of an iso-
compound will be identical with that of the

present in sample. This assumption is

for all enrichment processes except that

o500 of residues from the sample matrix. The
we o extractability of bioincorporated contami-

w Baiogical samples or sorbed residues from soils
~_em products is particularly important in studies
5 od PCDFs.  Studies of the biochemistry of
w0 xod related compounds in mammalian systems

' ;gu':hed that these compounds exhibit high

saéing affinities for a hepatic cytosol protein; con-

o gexction of some PCDDs, PCDFs, and non-ortho
wp Yiological samples may involve more than the
R o these residues from solution in fatty deposits.
< iave been reported of the efficiency of extract of

. nted PCDDs, PCDFs, or non-ortho PCBs. On the
ot cxsparisons of the results of interlaboratory
*sig [V) involving a wide variety of extraction

s wed for identical samples of fish containing
~omead 2,3,7,8-TCDD have provided a reasonable
4y extractability of this substance from fish tissue.
bl these studies suggest that the neutral column
spioved in this procedure is essentially equivalent

are extractions involving complete digestion of the
2 seeantrated aqueous base or acid. Such digestions
w2 denature and hydrolyze all proteins and to

* Ranate all intact TCDD residues. Referring to
-».¥enatory no. 1 in the USFDA study employed
‘&2 concentrated HCL; in the H&WC/USFDA
#meery no. 3 employed digestion with KOH, and
"wpw T employed digestion with HCL Assuming that
%01 a3 strongly bound in these samples of fish
o 'I_IOther PCDD, PCDF, or non-ortho PCB, the
“®ac3m procedure is expected to effectively recover
wdknes of these compounds. The effectiveness of
wa&nction could be species dependent and cannot
€wother animal systems without similar studies

_ Our rationale for addition of the internal
- S samples at the beginning of the extraction

£ =% than before homogenization and mixing of the

sulfate was that equilibration of the native

* the internal standards could not be easily at-

: ' L"‘lm'.st:ep. Consequently, loases in the homo-

1
d

t

drying step are not included in the internal
etitation procedure.
_E:lo_wptive interaction of PCDDs, PCDF's, and
:H. with carbonaceous materials has been studied
o &d studies of fly ash containing these com-
s trated that exhaustive extraction pro-
\ 3.1"“‘1 (72). Consequently, a study was un-
laboratory to determine the relative effi-
‘...."‘{lods of extraction of these compounds from
T ¥diment samples (73). The neutral column
- e was compared with a procedure (72)
Mg .. onstrated to be effective for the recovery
'*-_,.ﬂy ash. Although the results of the com-
.."" highly variable and no unambiguous
Rlative efficiencies of the two procedures could
g“‘ the procedures was uniformly superior
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Figure 5. Representative analysas of environmental samples: (A)
GC/NICI-MS-MID PC8 contaminated soil from Fountain City, WI; (B)
GC/NICI-MS-MID fish sample (carp) from Saginaw Bay at Bay City,
MI; (C) GC/EI-MS-MID fish sampie (carp) from the Niagara River at
Ft. Niagara, NY.

to the other and appear to be roughly comparable in effec-
tiveness. More definitive results are required from such
studies before the efficacy of the column extraction procedure
in analyses of soil and sediment samples can be established.

Applications to the Analyses of Environmental Sam.
ples. The procedure has baen applied to the determination
of PCDDs, PCDFs, and non-ortho PCBs in a wide range of
sample types, primarily fresh-water fishes. The sample types
which have been analyzed include about 12 species of fresh
water fish (55, 68) and three species of salt water fish (both
whale body and fillet): snapping turtle fat 454}, whwle hody
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:mately five species of fresh water mussels,
w“’"’:;,,g eggs of three species of birds, Baltic
A ¥ aatic macroinvertebrates, commercial fish
= =d terrestrial soils (73), soot from an office
~cving PCBs and polychlorinate benzenes (26),
¥ clor 1260, and failed transformer fluid from
2 sz, The large majority of these samples were
. on the five Great Lakes and selected tribu-
"” Afississippi, Hudson, and Sacramento Rivers,
"  rivers and estauries, and the Housatonic
otts and Connecticut known to be con-
a2 wide range of persistent synthetic chemicals
. orine pesticides, and industrial wastes.
: ezaber Of samples analyzed was approximately
3 over 30 control and procedural blank
Saretially all of the 250 analyses were judged to
ing to the following criteria: (1) All marker
detected in the analyte. (2) An acceptable
. {usually less than 5 pptr) was achieved. (3)
. od GC/MS properties of analyte components
a }CODs, PCDF's, and non-ortho PCBs did not
t interferences. (4) The criteria for the
o PCDDs, PCDFs, and non-ortho PCBs were

3

multiple ion mass chromatograms of soil
jes are presented in Figure 5. These GC/MS
. of PCDDs, PCDFs, and non-ortho PCBs in
4heg types of samples serve to exemplify the
£ 22 procedure for such analyses. The GC/MS
gy uncluttered by extraneous components, and
hm of the data was routinely straightforward.
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t uctivity of Negative lon Chemical lonization Mass
werometry for Benzo[a |pyrene

wa-w Analytical Chemistry, National Bureau of Standards, Washington, D.C. 20234

!

wmstozaphy/negative lon chemical lonization mass
. (GC/NICIMS) was used as a selective and
s wchrique for the detectlon of benzo{a Jpyrene (Ba-
: 1w sptimized conditions, the molecular anion, M™, of
s more than 3 orders of magnitude more abundant
§..m o 13 isomer benzo[e |pyrene (BeP) using methane
rangent gas. Quantities of BaP as low as 1 pg can
m satected In the selected lon monitoring mode and
waze vs. concentration was linear over a range of 3
¢ segitude. The absolute sensitivity and the selec-
#-adection were found to depend on the pressure and
mive in the ion source of the mass spectrometer.
2l wes used for the quantitative detsrmination of BaP,
¥’23-cdipyrene, and benzo[ghi|perylene in a sample
e crude oll as part of the process of certitying the
Pars Bandard Reference Materlal,

'm0 chemical ionization (NICI) mass spectra can
"oud from certain organic compounds by resonance
od '-htrmal electrons if the molecules have positive
".elxities, and if the internal energy of the molecular
"-hthfn the electron affinity of the neutral species.
. 22101 species formed is the molecular anion, M~,
' *' vields relatively large ion currents and little
?@- The selectivity of NICI over electron impact
:5‘.""-’ well established and this feature has permitted
1 "*Wmwide applications over the past few years in the
Wy f“ﬁmunds such as polychlorinated biphenyls (1),
¥ D, pesticides (1, 4, 5), and nitrated polycyclic
*Rrocarbons (6). Ilda and Dashima (7) recently
: e negative ion chemical ionization mass
P, 7yclic aromatic hydrocarbons (PAH). Oehme
™ PAH in air particulate matter using NICL. He

.n"?f methane and nitrous oxide as the reagent
lonzation by electron capture and ion/mol-
ey and was able to differentiate isomeric PAH
g, Rlative abundances of various species formed.
ey arg and Co.oks (9) used negative ion chemical
. N‘ Inversion mass spectrometry as a highly

A

£

I“ for determining polycyclic aromatic hydro-
Ay %lvent refined coal.

'y “d NICI mass spectrometry as a sensitive and
ik Ue for the quantitative detsrmination of
\\*% Envie
i X 1
e o enmgnial Traes Subsances Reseurh

benzo[a]pyrene (BaP) in a sample of petroleum crude oil
which is being certified as a Standard Reference Material
(SRM). During the course of preliminary studies we have
confirmed the large degree of selectivity for the datection of
BaP over benzo{e]|pyrene (BeP) noted by others (7, 8). We
have observed the molecular anion of BaP to be more than
1000 times more abundant than that of BeP under selected
source conditions in the NICI mode using methane as the
reagent gas. Qur observations, reported here, show that the
ion source pressure and temperature play an important role
in the selectivity of detection for BaP. We have also observed
excellent absolute sensitivity for the detection of BaP and are
able to detect quantities as low as 1 pg in the selected ion
monitoring mode.

EXPERIMENTAL SECTION

Negative ion chemical ionization mass spectra were recorded
on a Hewlett-Packard 5985B quadrupole GC/MS system (Hew-
lett-Packard Co., Palo Alto, CA) with a dual EI/CI ion source
and electronics capable of detecting negative ions. Chromato-
graphic separations were carried out on a 30 m X 0.25 mm i.d.
fused silica capillary column coated with a 0.25-um film of a
nonpolar liquid phase. Samples were injected in either the split
or splitless mades with an injection port temperature of 300 °C
and the column temperature was programmed from 200 to 300
°C at a rate of 4 °C/min. The column was interfaced directly
to the ion source by inserting it through a 30 cm length of 0.16
cm o.d. stainleas steel tubing. The stainless steel tubing also served
as a conduit for introduction of the methane reagent gas
(Matheson Ultra High Purity 99.97%) which was brought in
coaxially with the capillary column. The pressure in the ion source
was adjusted by varying the methane (low into the source via a
flow controllez. An ionization gauge, which was mounted ap-
proximately 15 cm from the source, was used to monitor the ion
source manifold pressure. The pressure in the ion source itself
was measured with a thermocouple gauge. Spectra were recored
under conditions optimized empirically for the detection of B3aP.
The ion source was normally operated at 200 °C with a filarnent
emission current of 300 xA and a primary electron beam energy
of 60 eV. The mass spectrometer was calibrated in the NICI raode
using ions at m/z 414, 452, and 633 from perfluorotributylamine
and ions at m/z 233 and 235 from rhenium oxide generated by
the filament. The ReQ;” isotopes provide a good source of ions
at low mass for tuning the mass spectrometer in the negative ion
mode.

The PAH were obtained commercially: BaP (Community
Bureau of Reference, BCR, Brussels, Belgium); BaP-d,, 98.6 atom
% D (MSD Isotopes, St. Louis, MO); and BeP (Pfaitz and Bauer,
Inc., Stamford, CT). The standards were analytical grade or higher
and were used without further purification. Methylene chloride
solutions of the PAH were prepared gravimetrically. The Wil-
mington crude oil sample was obtained from the Department of
Energy and is one of the oils being stored in the EPA Repository
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